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Linear Products 
Introduction 


National Semiconductor Corporation first established itself 
as the Linear Leader in 1967 with the introduction of the 
FIRST MONOLITHIC VOLTAGE REGULATOR . . . LM100. In 
the 20 years since, many of our products were firsts in per- 
formance and function. Today, this catalog spans the tradi- 
tional areas of Op Amps, Voltage Regulators, Voltage Refer- 
ences and Temperature Sensors, to Data Acquisition, Com- 
munication, Automotive, and Power Plus Control. National 
Semiconductor intends to remain a leader in the traditional 
product areas while forging ahead into VLSI solutions for an- 
alog problems and analog systems. 

You can rely on National LINEAR to develop the most com- 
prehensive product offering for use in the commercial, com- 
puter, automotive, telecommunication, industrial or military 
business segments. More than 1,000 basic LINEAR products 
(5400 options) allow design engineers to find the optimum 
Linear 1C solution from National Semiconductor. 

The Linear product line is presented in 3 Databooks. All sec- 
tions are referenced and cross-indexed to provide quick and 
easy access. The technical information and basic product 
specifications are presented in data sheet format, including 
maximum ratings, electrical characteristics, performance 
curves and package information. 

Additional application information is available as specific ap- 
plication notes or completely compiled in the LINEAR APPLI- 
CATIONS HANDBOOK. A product cross reference to the 
specific application note has been provided. This handbook 
and the 3-volume set of Linear Data Books represent a com- 
plete base of information to the National LINEAR product 
line. 
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Product Status Definitions 


Definition of Terms 


Data Sheet Identification 

Product Status 

Definition 

> Advanced Information 

Formative or 

In Design 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

Preliminary 

First 

Production 

This data sheet contains preliminary data and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

r: -;H 

Identification ; •• 'V.sXV 
Hoted 

Full 

Production 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 


National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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LH0038 True Instrumentation Amplifier Linear 1 

LH0041 0.2 Amp Power Operational Amplifier Linear 1 

LH0042 Low Cost FET Op Amp Linear 1 

LH0043 Sample and Hold Circuits 5-22 

LH0043C Sample and Hold Circuits 5-22 

LH0044 Series Precision Low Noise Operational Amplifiers Linear 1 

LH0045 Two Wire Transmitter Linear 1 

LH0052 Precision FET Op Amp Linear 1 

LH0053 High Speed Sample and Hold Amplifier 5-23 

LH0053C High Speed Sample and Hold Amplifier . 5-23 

LH0061 0.5 Amp Wide Band Operational Amplifier Linear 1 

LH0062 High Speed FET Operational Amplifier Linear 1 

LH0070 Series BCD Buffered Reference 7-7 

LH0071 Series Precision Buffered Reference 7-7 

LH0075 Positive Precision Programmable Regulator Linear 1 

LH0076 Negative Precision Programmable Regulator Linear 1 

LH0082 Optical Communication Receiver/Amplifier Linear 1 

LH0084 Digitally-Programmable-Gain Instrumentation Amplifier Linear 1 

LH0086 Digitally-Programmable-Gain Amplifier Linear 1 

LH0091 True RMS to DC Converter 5-24 

LH0094 Multifunction Converter 5-29 

LH01 01 Power Operational Amplifier Linear 1 

LH4001 Wideband Current Buffer Linear 1 

LH4002 Wideband Video Buffer Linear 1 

LH4003 Precision RF Closed Loop Buffer Linear 1 

LH4004 Wideband FET Input Buffer/Amplifier Linear 1 

LH4006 Precision RF Closed Loop Buffer Linear 1 

LH41 01 Wideband High Current Operational Amplifier Linear 1 

LH41 01 C Wideband High Current Operational Amplifier Linear 1 

LH41 04 Fast Settling High Current Operational Amplifier Linear 1 

LH4105 Precision Fast Settling High Current Operational Amplifier Linear 1 

LM1 0 Op Amp and Voltage Reference Linear 1 

LM11 Operational Amplifiers Linear 1 

LM12(L) 150W Operational Amplifier Linear 1 

LM34 Precision Fahrenheit Temperature Sensors 6-4 

LM34A Precision Fahrenheit Temperature Sensors 6-4 

LM34C Precision Fahrenheit Temperature Sensors 6-4 

LM34CA Precision Fahrenheit Temperature Sensors 6-4 

LM34D Precision Fahrenheit Temperature Sensors 6-4 

LM35 Precision Fahrenheit Temperature Sensors 6-12 

LM35A Precision Fahrenheit Temperature Sensors 6-12 

LM35C Precision Fahrenheit Temperature Sensors 6-12 

LM35CA Precision Fahrenheit Temperature Sensors 6-12 

LM35D Precision Fahrenheit Temperature Sensors 6-12 

LM78LXX Series 3-Terminal Positive Regulator Linear 1 
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Alpha-Numeric Index (Continued) 


LM78XX Series Voltage Regulator Linear 1 

LM79LXXAC Series 3-Terminal Negative Regulator Linear 1 

LM79XX Series 3-Terminal Negative Regulator Linear 1 

LM101 A Operational Amplifiers Linear 1 

LM102 Voltage Follower Linear 1 

LM1 03 Reference Diode 7-11 

LM104 Negative Regulator Linear 1 

LM105 Voltage Regulator Linear 1 

LM1 06 Voltage Comparator Linear 1 

LM1 07 Operational Amplifiers Linear 1 

LM1 08 Operational Amplifiers Linear 1 

LM108A Operational Amplifiers Linear 1 

LM1 09 5-Volt Regulator Linear 1 

LM1 1 0 Voltage Follower Linear 1 

LM1 1 1 Voltage Comparator Linear 1 

LM1 1 2 Operational Amplifiers Linear 1 

LM113 Precision Reference 7-12 

LM1 17 3-Terminal Adjustable Regulator Linear 1 

LM1 1 7HV 3-Terminal Adjustable Regulator Linear 1 

LM1 18 Operational Amplifiers Linear 1 

LM1 19 High Speed Dual Comparator Linear 1 

LM1 20 Series 3-Terminal Negative Regulator Linear 1 

LM1 22 Precision Timer Linear 3 

LM123 3 Amp, 5-Volt Positive Regulator Linear 1 

LM124 Low Power Quad Operational Amplifiers Linear 1 

LM125 Voltage Regulators Linear 1 

LM1 26 Voltage Regulators Linear 1 

LM129 Precision Reference 7-15 

LM131 Precision Voltage-to-Frequency Converters 3-285 

LM131 A Precision Voltage-to-Frequency Converters 3-285 

LM133 3-Amp Negative Adjustable Voltage Regulator Linear 1 

LM134 3-Terminal Adjustable Current Sources 7-20 

LM135 Precision Temperature Sensors 6-21 

LM1 35 A Precision Temperature Sensors 6-21 

LM136-2.5V Reference Diode 7-28 

LM136-5.0V Reference Diode 7-35 

LM137 3-Terminal Negative Adjustable Regulator Linear 1 

LM137HV 3-Terminal Negative Adjustable Regulators (High Voltage) Linear 1 

LM138 5 Amp Adjustable Power Regulator Linear 1 

LM139 Low Power Low Offset Voltage Quad Comparators Linear 1 

LM140 Series 3-Terminal Positive Regulators Linear 1 

LM140L Series 3-Terminal Positive Regulators Linear 1 

LM143 High Voltage Operational Amplifier Linear 1 

LM144 High Voltage, High Slew Rate Operational Amplifiers Linear 1 

LM1 45 Negative 3 Amp Regulator Linear 1 

LM146 Programmable Quad Operational Amplifiers Linear 1 

LM148 Quad 741 Op Amps Linear 1 

LM149 Wide Band Decompensated (AV(MIN) = 5) Linear 1 

LM150 3 Amp Adjustable Power Regulator Linear 1 

LM158 Low Power Dual Operational Amplifiers Linear 1 

LM160 High Speed Differential Comparator Linear 1 
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Alpha-Numeric Index (Continued) 


LM161 High Speed Differential Comparator Linear 1 

LM168 Precision Voltage Reference 7-42 

LM169 Precision Voltage Reference 7-48 

LM185 Adjustable Micropower Voltage References 7-69 

LM185-1.2 Micropower Voltage Reference Diode 7-58 

LM1 85-2.5 Micropower Voltage Reference Diode 7-64 

LM192 Low Power Operational Amplifier/ Voltage Comparator Linear 1 

LM1 93 Low Power Low Offset Voltage Dual Comparator Linear 1 

LM1 94 Super Match Pair Linear 3 

LM1 95 Ultra Reliable Power Transistors Linear 3 

LM1 96 1 0 Amp Adjustable Voltage Regulator Linear 1 

LM199 Precision Reference 7-76 

LM201 A Operational Amplifiers Linear 1 

LM204 Negative Regulator Linear 1 

LM205 Voltage Regulator Linear 1 

LM206 Voltage Comparator Linear 1 

LM207 Operational Amplifiers Linear 1 

LM208 Operational Amplifiers Linear 1 

LM208A Operational Amplifiers Linear 1 

LM210 Voltage Follower Linear 1 

LM21 1 Voltage Comparator Linear 1 

LM212 Operational Amplifiers Linear 1 

LM218 Operational Amplifiers Linear 1 

LM219 High Speed Dual Comparator Linear 1 

LM221 Precision Preamplifiers Linear 1 

LM224 Low Power Quad Operational Amplifiers Linear 1 

LM231 Precision Voltage-to-Frequency Converters 3-285 

LM231 A Precision Voltage-to-Frequency Converters 3-285 

LM234 3-Terminal Adjustable Current Sources 7-20 

LM235 Precision Temperature Sensors 6-21 

LM235A Precision Temperature Sensors 6-21 

LM236-2.5V Reference Diode 7-28 

LM236-5.0V Reference Diode 7-35 

LM239 Low Power Low Offset Voltage Quad Comparators Linear 1 

LM246 Programmable Quad Operational Amplifiers Linear 1 

LM248 Quad 741 Op Amps Linear 1 

LM249 Wide Band Decompensated (AV(MIN) = 5) Linear 1 

LM258 Low Power Dual Operational Amplifiers Linear 1 

LM260 High Speed Differential Comparator Linear 1 

LM261 High Speed Differential Comparator Linear 1 

LM268 Precision Voltage Reference 7-42 

LM285 Adjustable Micropower Voltage References < 7-69 

LM285-1.2 Micropower Voltage Reference Diode ; 7-58 

LM285-2.5 Micropower Voltage Reference Diode 7-64 

LM292 Low Power Operational Amplifier/Voltage Comparator Linear 1 

LM293 Low Power Low Offset Voltage Dual Comparator Linear 1 

LM295 Ultra Reliable Power Transistors Linear 3 

LM299 Precision Reference 7-76 

LM301 A Operational Amplifiers Linear 1 

LM302 Voltage Follower Linear 1 

LM304 Negative Regulator Linear 1 




Alpha-Numeric Index (Continued) 


LM305 Voltage Regulator Linear 1 

LM305A Voltage Regulator Linear 1 

LM306 Voltage Comparator Linear 1 

LM307 Operational Amplifiers Linear 1 

LM308 Operational Amplifiers Linear 1 

LM308A Operational Amplifiers Linear 1 

LM309 5-Volt Regulator Linear 1 

LM310 Voltage Follower Linear 1 

LM31 1 Voltage Comparator Linear 1 

LM31 2 Operational Amplifiers Linear 1 

LM31 3 Precision Reference 7-12 

LM317 3-Terminal Adjustable Regulator Linear 1 

LM317HV 3-Terminal Adjustable Regulator Linear 1 

LM317L 3-Terminal Adjustable Regulator Linear 1 

LM31 8 Operational Amplifiers Linear 1 

LM319 High Speed Dual Comparator Linear 1 

LM320 Series 3-Terminal Negative Regulator Linear 1 

LM320L 3-Terminal Negative Regulator Linear 1 

LM321 Precision Preamplifiers Linear 1 

LM322 Precision Timer Linear 3 

LM324 Low Power Quad Operational Amplifiers Linear 1 

LM325 Voltage Regulators Linear 1 

LM326 Voltage Regulators Linear 1 

LM329 Precision Reference 7-15 

LM330 3-Terminal Positive Regulator Linear 1 

LM331 Precision Voltage-to-Frequency Converters 3-285 

LM331 A Precision Voltage-to-Frequency Converters 3-285 

LM333 3-Amp Negative Adjustable Voltage Regulator Linear 1 

LM334 3-Terminal Adjustable Current Sources 7-20 

LM335 Precision Temperature Sensors 6-21 

LM335A Precision Temperature Sensors 6-21 

LM336-2.5V Reference Diode 7-28 

LM336-5.0V Reference Diode 7-35 

LM337 3-Terminal Negative Adjustable Regulator Linear 1 

LM337HV 3-Terminal Negative Adjustable Regulators (High Voltage) Linear 1 

LM337L 3-Terminal Adjustable Regulator Linear 1 

LM338 5 Amp Adjustable Power Regulator Linear 1 

LM339 Low Power Low Offset Voltage Quad Comparators Linear 1 

LM340 Series 3-Terminal Positive Regulators Linear 1 

LM340L Series 3-Terminal Positive Regulators Linear 1 

LM343 High Voltage Operational Amplifier Linear 1 

LM344 High Voltage, High Slew Rate Operational Amplifiers Linear 1 

LM345 Negative 3 Amp Regulator Linear 1 

LM346 Programmable Quad Operational Amplifiers Linear 1 

LM348 Quad 741 Op Amps Linear 1 

LM349 Wide Band Decompensated (AV(MIN) = 5) Linear 1 

LM350 3 Amp Adjustable Power Regulator Linear 1 

LM358 Low Power Dual Operational Amplifiers Linear 1 

LM359 Dual, High Speed, Programmable Current Mode (Norton) Amplifier Linear 1 

LM360 High Speed Differential Comparator Linear 1 

LM361 High Speed Differential Comparator Linear 1 
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Alpha-Numeric Index (Continued) 


LM363 Precision Instrumentation Amplifier Linear 1 

LM368 Precision Voltage Reference 7-42 

LM368-2.5 Precision Voltage Reference 7-85 

LM369 Precision Voltage Reference 7-48 

LM376 Voltage Regulator Linear 1 

LM377 Dual 2-Watt Audio Amplifier Linear 3 

LM378 Dual 4-Watt Audio Amplifier Linear 3 

LM380 Audio Power Amplifier Linear 3 

LM381 Low Noise Dual Preamplifier .Linear 3 

LM382 Low Noise Dual Preamplifier Linear 3 

LM383 7-Watt Audio Power Amplifier Linear 3 

LM384 5-Watt Audio Power Amplifier Linear 3 

LM385 Adjustable Micropower Voltage References 7-69 

LM385-1 .2 Micropower Voltage Reference Diode 7-58 

LM385-2.5 Micropower Voltage Reference Diode 7-64 

LM386 Low Voltage Audio Power Amplifier Linear 3 

LM387 Low Noise Dual Preamplifier Linear 3 

LM388 1 .5-Watt Audio Power Amplifier Linear 3 

LM389 Low Voltage Audio Power Amplifier with NPN Transistor Array Linear 3 

LM390 1-Watt Battery Operated Audio Power Amplifier Linear 3 

LM391 Audio Power Driver Linear 3 

LM392 Low Power Operational Amplifier/Voltage Comparator Linear 1 

LM393 Low Power Low Offset Voltage Dual Comparator Linear 1 

LM394 Super Match Pair Linear 3 

LM395 Ultra Reliable Power Transistors Linear 3 

LM396 1 0 Amp Adjustable Voltage Regulator Linear 1 

LM399 Precision Reference — 7-76 

LM555 Timer Linear 3 

LM555C Timer Linear 3 

LM556 Dual Timer Linear 3 

LM556C Dual Timer Linear 3 

LM565 Phase Locked Loop Linear 3 

LM565C Phase Locked Loop Linear 3 

LM566C Voltage Controlled Oscillator Linear 3 

LM567 Low Power Tone Decoder Linear 3 

LM567C Low Power Tone Decoder Linear 3 

LM581 Voltage Reference Precision 10-Volt 7-91 

LM592 Differential Video Amplifier Linear 3 

LM604 4 Channel MUX-Amp Linear 1 

LM607 Precision Operational Amplifier Linear 1 

LM61 1 Adjustable Micropower Floating Voltage Reference and Single-Supply Operational 

Amplifier Linear 1 

LM61 4 Adjustable Micropower Floating Voltage Reference and Four Single-Supply Operational 

Amplifiers Linear 1 

LM621 Brushless Motor Commutator TC Linear 3 

LM622 Pulse Width Modulator Linear 3 

LM628 Precision Motion Controller Linear 3 

LM675 Power Operational Amplifier Linear 1 

LM723 Voltage Regulator Linear 1 

LM733 Differential Video Amplifier Linear 3 

LM733C Differential Video Amplifier Linear 3 
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Alpha-Numeric Index (Continued) 

LM741 Operational Amplifier Linear 1 

LM831 Low Voltage Audio Power Amplifier Linear 3 

LM832 Dynamic Noise Reduction System DNR Linear 3 

LM833 Dual Audio Operational Amplifier Linear 1 

LM837 Low Noise Quad Operational Amplifier Linear 1 

LM903 Fluid Level Detector Linear 3 

LM1035 Dual DC Operated Tone/Volume/Balance Circuit Linear 3 

LM1 036 Dual DC Operated Tone/Volume/Balance Circuit Linear 3 

LM1037 Dual Four-Channel Analog Switch Linear 3 

LM1038 Dual Four-Channel Analog Switch Linear 3 

LM1 040 Dual DC Operated Tone/Volume/Balance Circuit with Stereo Enhancement Facility Linear 3 

LM1042 Fluid Level Detector Linear 3 

LM1 044 Analog Video Switch Linear 3 

LM1 1 1 2A Dolby B-Type Noise Reduction Processor Linear 3 

LM1 1 31 A Dual Dolby B-Type Noise Reduction Processor Linear 3 

LM1141 Dolby B-C Type Noise Reduction Processor Linear 3 

LM1201 Video Amplifier System Linear 3 

LM1 203 RGB Video Amplifier System Linear 3 

LM1211 Broadband Demodulator System Linear 3 

LM1391 Phase-Locked Loop Linear 3 

LM1458 Dual Operational Amplifier Linear 1 

LM1496 Balanced Modulator Demodulator Linear 3 

LM1 558 Dual Operational Amplifier Linear 1 

LM1 578 Switching Regulator Linear 1 

LM1596 Balanced Modulator Demodulator Linear 3 

LM1800 Phase-Locked Loop FM Stereo Demodulator Linear 3 

LM1801 Battery Operated Power Comparator Linear 3 

LM1 81 2 Ultrasonic Transceiver Linear 3 

LM1 81 5 Adaptive Sense Amplifier Linear 3 

LM1818 Electronically Switched Audio Tape System Linear 3 

LM1 81 9 Air-Core Meter Driver Linear 3 

LM1 823 Video IF Amplifier/PLL Detection System Linear 3 

LM1830 Fluid Detector Linear 3 

LM1837 Low Noise Preamplifier for Autoreversing Tape Playback Systems Linear 3 

LM1851 Ground Fault Interrupter Linear3 

LM1 863 AM Radio System for Electronically Tuned Radio Linear 3 

LM 1865 Advanced FM IF System Linear 3 

LM1866 Low Voltage AM/FM Receiver Linear 3 

LM1868 AM/FM Radio System Linear 3 

LM1 870 Stereo Demodulator with Blend Linear 3 

LM1871 RC Encoder/Transmitter Linear 3 

LM1 872 Radio Control Receiver/Decoder Linear 3 

LM1875 20-Watt Power Audio Amplifier Linear 3 

LM 1 877 Dual Power Audio Amplifier Linear 3 

LM1880 No-Holds Vertical/Horizontal Linear 3 

LM1881 Video Sync Separator Linear 3 

LM1 884 TV Stereo Decoder Linear 3 

LM 1 886 TV Video Matrix D to A Linear 3 

LM1889 TV Video Modulator Linear3 

LM1893 Biline Carrier Current Transceiver Linear 3 

LM1894 Dynamic Noise Reduction System DNR Linear 3 
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Alpha-Numeric Index (Continued) 


LM1 895 Audio Power Amplifier Linear 3 

LM1 896 Dual Power Audio Amplifier Linear 3 

LM1 897 Low Noise Preamplifier for Tape Playback Systems Linear 3 

LM1921 1 Amp Industrial Switch Linear 3 

LM1 946 Over/Under Current Limit Diagnostic Circuits Linear 3 

LM1 949 Injector Drive Controller Linear 3 

LM1951 Solid State 1 Amp Switch Linear 3 

LM1 964 Sensor Interface Amplifier Linear 3 

LM1965 Advanced FM IF System Linear 3 

LM2002 8-Watt Audio Power Amplifier Linear 3 

LM2005 20-Watt Automotive Power Amplifier Linear 3 

LM2065 Advanced FM IF System Linear 3 

LM2578 Switching Regulator Linear 1 

LM2877 Dual 4-Watt Power Audio Amplifier Linear 3 

LM2878 Dual 5-Watt Power Audio Amplifier Linear 3 

LM2879 Dual 8-Watt Audio Amplifier Linear 3 

LM2889 TV Video Modulator Linear 3 

LM2893 Biline Carrier Current Transceiver Linear 3 

LM2900 Quad Amplifiers Linear 1 

LM2901 Low Power Low Offset Voltage Quad Comparators Linear 1 

LM2902 Low Power Quad Operational Amplifiers Linear 1 

LM2903 Low Power Low Offset Voltage Dual Comparator Linear 1 

LM2904 Low Power Dual Operational Amplifiers Linear 1 

LM2905 Precision Timer Linear 3 

LM2907 Frequency to Voltage Converter Linear 3 

LM291 7 Frequency to Voltage Converter Linear 3 

LM2924 Low Power Operational Amplifier/Voltage Comparator Linear 1 

LM2925 Low Drop-Out Regulator with Delayed Reset Linear 1 

LM2930 3-Terminal Positive Regulator Linear 1 

LM2931 Series Low Drop-Out Regulator Linear 1 

LM2935 Low Drop-Out Dual Regulator Linear 1 

LM2940C 1 A Low Drop-Out Regulator Linear 1 

LM2984C Microprocessor Power Supply System Linear 1 

LM3045 T ransistor Arrays Linear 3 

LM3046 Transistor Arrays Linear 3 

LM3080 Operational Transconductance Amplifier Linear 1 

LM3080A Operational Transconductance Amplifier Linear 1 

LM3086 Transistor Arrays Linear 3 

LM3089 FM Receiver IF System Linear 3 

LM3146 High Voltage Transistor Array Linear 3 

LM31 89 FM IF System Linear 3 

LM3301 Quad Amplifiers Linear 1 

LM3302 Low Power Low Offset Voltage Quad Comparators Linear 1 

LM3361 A Low Voltage/Power Narrow Band FM IF System Linear 3 

LM3401 Quad Amplifiers Linear 1 

LM3578 Switching Regulator Linear 1 

LM3820 AM Radio System Linear 3 

LM3900 Quad Amplifiers Linear 1 

LM3905 Precision Timer Linear 3 

LM3909 LED Flasher/Oscillator Linear 3 

LM3911 Temperature Controller 6-30 
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Alpha-Numeric Index (Continued) 


LM3914 Dot/ Bar Display Driver Linear 3 

LM391 5 Dot/ Bar Display Driver Linear 3 

LM3916 Dot/Bar Display Driver Linear 3 

LM3999 Precision Reference 7-76 

LM4250 Programmable Operational Amplifiers Linear 1 

LM4500A High Fidelity FM Stereo Demodulator with Blend Linear 3 

LM61 13 High Speed Operational Amplifiers Plus Power Buffer Linear 1 

LM6121 High Speed Buffer Linear 1 

LM6125 High Speed Buffer Linear 1 

LM6161 High Speed Operational Amplifiers Linear 1 

LM61 61 /LM6261 /LM6361 High Speed Operational Amplifiers Linear 1 

LM61 64 High Speed Operational Amplifiers Linear 1 

LM61 64/LM6264/LM6364 High Speed Operational Amplifiers Linear 1 

LM6165 High Speed Operational Amplifiers Linear 1 

LM6165/LM6265/LM6365 High Speed Operational Amplifiers Linear 1 

LM6214 High Speed Operational Amplifiers Plus Power Buffer Linear 1 

LM6221 High Speed Buffer Linear 1 

LM6225 High Speed Buffer Linear 1 

LM6261 High Speed Operational Amplifiers Linear 1 

LM6264 High Speed Operational Amplifiers Linear 1 

LM6265 High Speed Operational Amplifiers Linear 1 

LM6314 High Speed Operational Amplifiers Plus Power Buffer Linear 1 

LM6321 High Speed Buffer Linear 1 

LM6325 High Speed Buffer Linear 1 

LM6361 High Speed Operational Amplifiers Linear 1 

LM6364 High Speed Operational Amplifiers Linear 1 

LM6365 High Speed Operational Amplifiers Linear 1 

LM13080 Programmable Power Operational Amplifiers Linear 1 

LM 13600 Dual Operational Transconductance Amplifiers with Linearizing Diodes and Buffers Linear 1 

LM13700 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers Linear 1 

LM18272 Dual Power Operational Amplifier Linear 1 

LM18293 Four Channel Push Pull Driver Linear 3 

LM 18298 Dual Full-Bridge Driver Linear 3 

LMC555 CMOS Timer Linear 3 

LMC567 Low Power T one Decoder Linear 3 

LMC568 Low Power Phase-Locked Loop Linear 3 

LMC660 CMOS Quad Operational Amplifier Linear 1 

LMC668 Chopper Stabilized Operational Amplifier Linear 1 

LMC669 Auto Zero Linear 1 

LMC835 Digital Controlled Graphic Equalizer Linear 3 

LMC1 992 Computer Controlled Tone and Volume Circuits Linear 3 

LMC1 993 Computer Controlled Tone and Volume Circuits Linear 3 

LMC7660 Switched Capacitor Voltage Converter Linear 1 

LMC7669 Switched Capacitor Voltage Converter Linear 1 

LMF60 6th Order LMCMOStm Switched Capacitor Butterworth Lowpass Filter 1-8 

LMF90 4th-Order LMCMOStm Programmable Elliptic Notch Filter 1-9 

LMF100 Universal Monolithic Dual Switched Capacitor Filter 1-10 

LMF120 Mask Programmable Switched Capacitor Filter 1-12 

LP1 24 Micropower Quad Operational Amplifier Linear 1 

LP165 Micropower Programmable Quad Comparator Linear 1 

LP31 1 Voltage Comparator Linear 1 


ii 



Alpha-Numeric Index (Continued) 

LP324 Micropower Quad Operational Amplifier Linear 1 

LP339 Ultra-Low Power Quad Comparator Linear 1 

LP365 Micropower Programmable Quad Comparator Linear 1 

LP2902 Micropower Quad Operational Amplifier Linear 1 

LP2950 5V Adjustable Micropower Voltage Regulator Linear 1 

LP2951 Adjustable Micropower Voltage Regulator Linear 1 

MF4 4th Order Switched Capacitor Butterworth Lowpass Filter 1-13 

MF5 Universal Monolithic Switched Capacitor Filter 1-26 

MF6 6th Order Switched Capacitor Butterworth Lowpass Filter 1-41 

MF8 4th Order Switched Capacitor Bandpass Filter 1-59 

MF10 Universal Monolithic Dual Switched Capacitor Filter 1-81 

MM54HC4016 Quad Analog Switch 2-77 

MM54HC4051 8-Channel Analog Multiplexer 2-84 

MM54HC4052 Dual 4-Channel Analog Multiplexer 2-84 

MM54HC4053 Triple 2-Channel Analog Multiplexer 2-84 

MM54HC4066 Quad Analog Switch 2-91 

MM54HC4316 Quad Analog Switch with Level Translator 2-96 

MM74C905 1 2-Bit Successive Approximation Register 3-296 

MM74HC4016 Quad Analog Switch 2-77 

MM74HC4051 8-Channel Analog Multiplexer 2-84 

MM74HC4052 Dual 4-Channel Analog Multiplexer 2-84 

MM74HC4053 Triple 2-Channel Analog Multiplexer 2-84 

MM74HC4066 Quad Analog Switch 2-91 

MM74HC4316 Quad Analog Switch with Level Translator 2-96 

TBA1 20S IF Amplifier and Detector Linear 3 

TL081 CP Wide Bandwidth JFET Input Operational Amplifier Linear 1 

TL082CP Wide Bandwidth Dual JFET Input Operational Amplifier Linear 1 
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National 

Semiconductor 

Corporation 


CROSS REFERENCE BY PART NUMBER 

A complete interchangeability list of Linear IC’s offered by most Integrated Circuit 

Manufacturers are listed in this section and reference the nearest National Semi- 
conductor Corp. direct replacement or recommended replacement with either an 
improved or functional replacement. The following notations are appended to as- 

sist you in finding the best option. 


No reference note 

“DIRECT REPLACEMENT” 

Note(1) 

“IMPROVED REPLACEMENT” Pin- 
for-Pin replacement with “SUPERI- 
OR” Electrical Specifications. 

Note (2) 

“FUNCTIONAL REPLACEMENT” 

Similar device. Consult datasheet to 
determine the suitability for specific 
application. 

Note (3) 

“SIMILAR DEVICE” with superior 
performance. Consult datasheet to 
determine suitability of the replace- 
ment for specific application. 


ANALOG 



AD624 

LH0038 

(2) 

AD7571 

ADC1025 

(2) 

DEVICES 

NATIONAL 


AD650 

LM331 

(2) 

AD7575 

ADC0820 

(2) 

AD0P07 

LM607 

(1) 

AD651 

LM331 

(2) 

AD7576 

ADC0820 

(2) 

ADDAC-08 

DAC0800 


AD654 

LM331 

(2) 

AD7578 

ADC1225 

(2) 

ADDAC-08 

DAC0801 


AD673 

ADC0841 

(2) 

AD7578 

ADC1205 

(2) 

ADDAC-08 

DAC0802 


AD741 

LM741 


AD7820 

ADC0820 


ADDAC80 

DAC1280 + 

(D 

ADLH0032 

LH0032 

(2) 




ADDAC85 

DAC1280 + 

(1) 

ADLH0033 

LH0033 

(2) 

APEX 

NATIONAL 


AD101A 

LM101A 

(D 

AD0042 

LH0042 

(2) 

PA01 

LM12 

(2) 

AD201A 

LM201A 

(D 

AD3542 

LH0042 

(2) 

PA01 

LH0101 

(2) 

AD301A 

LM301A 

(D 

AD5035 

LH0042 

(2) 

PA07 

LM12 

(2) 

AD506 

LH0022 

(2) 

AD7502 

LF13509 

(2) 

PA10 

LM12 

(2) 

AD509 

LH0003 

(2) 

AD7516 

CO4066B 

(2) 

PA10 

LH0101 

(2) 

AD521 

LM363 

(2) 

AD7523 

DAC0832 

(2) 

PA1 1 

LM12 

(2) 

AD521 

LH0036 

(2) 

AD7523 

DAC0831 

(2) 

PA51 

LM12 

(2) 

AD524 

LH0038 

(2) 

AD7523 

DAC0830 

(2) 

PA73 

LM12 

(2) 

AD537 

LM331 

(2) 

AD7524 

DAC0830 

(3) 




AD562 

DAC1266 

(3) 

AD7524 

DAC0831 

(3) 

BURR-BROWN 

NATIONAL 


AD563 

DAC1265 

(3) 

AD7524 

DAC0832 

(3) 

SHC80 

LF398 

(2) 

AD565A 

DAC1265 


AD7533 

DAC1020 


SHC85 

LF398 

(2) 

AD566A 

DAC1266 


AD7533 

DAC1022 


HOS-IOO 

LH0033 

(2) 

AD567 

DAC1230 

(2) 

AD7533 

DAC1021 


INA102 

LH0038 

(2) 

AD573 

ADC1005 

(2) 

AD7541A 

DAC1218 

(2) 

SHC298A 

LF398A 

(D 

AD573 

ADC1025 

(2) 

AD7541A 

DAC1219 

(2) 

3507 

LM6361 

(2) 

AD581 

LM581 


AD7541 

DAC1219 

(1) 

3533 

LH0033 

(2) 

AD581 

LH0070 

(D 

AD7541 

DAC1218 

(D 

3542 

LH0042 

(2) 

AD582 

LF398 

(2) 

AD7542 

DAC1210 

(2) 

3550 

LM6361 

(2) 

AD583 

LF198 

(3) 

AD7542 

DAC1209 

(2) 

3551 

LM6361 

(2) 

AD588 

LM369 

(2) 

AD7542 

DAC1208 

(2) 

3553 

LH0063 

(2) 

AD589M 

LM385 

(1) 

AD7545 

DAC1209 

(2) 

3554 

LH0032 

(2) 

AD589U 

LM185 

(1) 

AD7545 

DAC1210 

(2) 

3571 

LM675 

(2) 

AD590 

LM135 

(2) 

AD7545 

DAC1208 

(2) 

3572 

LH0021 

(2) 

AD590 

LM34 

(3) 

AD7548 

DAC1230 

(2) 

3573 

LM675 

(2) 

AD590 

LM134 

(2) 

AD7548 

DAC1232 

(2) 

3606A6 

LH0084 

(2) 

AD590 

LM35 

(3) 

AD7548 

DAC1231 

(2) 

3606A6 

LH0086 

(2) 

AD611K 

LF411AC 

(D 

AD7552 

ADC1225 

(2) 

3626 

LH0036 

(2) 

AD611J 

LF411C 

(1) 

AD7552 

ADC1205 

(2) 

3629 

LH0038 

(2) 

AD614 

LH0086 

(2) 

AD7571 

ADC1005 

(2) 
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Cross Reference by Part Number 



Cross Reference by Part Number 


CTS 

NATIONAL 


juA79XXKC 

LM320K-XX 

(D 

juiA748 

LM748 

(D 

CTS0002 

LH0002 

(D 

juA79XXUC 

LM79XXCT 

(D 

JXA760 

LM760 

(D 

CTS0004 

LH0004 

(D 

juAIOIA 

LM101A 

(D 

jutA771 B 

LF411 

(D 

CTS0021 

LH0021 

(D 

juA102 

LM102 

(D 

jnA771 

LF351 

(D 

CTS0024 

LH0024 

(D 

juAIOSHM 

LM105H 

(D 

jxA771A 

LF411 

(D 

CTS0032 

LH0032 

(D 

JU.A107 

LM107 

(D 

jutA772B 

LF412A 

(D 

CTS0033 

LH0033 

(D 

juA108A 

LM108A 

(D 

jiiA772 

LF353 

(D t 

CTS0041 

LH0041 

(1) 

juA108 

LM108 

(D 

ju,A772A 

LF412A 

(D 

CTS0042 

LH0042 

(D 

juA109KM 

LM109K STEEL (1) 

jaA774 

LF347 

(D 

CTS2101 A 

LH2101A 

(D 

jliAI 10 

LM110 

(D 

]utA774B 

LF347B 

(D 

CTS21 1 1 

LH2111 

(D 

juAIII 

LM111 

(D 

^ A776 

LM4250 

(D 




fxAl 24 

LM124 

(D 

jllA1458 

LM1458 

(1) 

ELANTEC 

NATIONAL 


jaA139 

LM139 

(D 

|utC1 496P 

LM1496N 

(D 

ELH0002 

LH0002 

(D 

fiAl 39A 

LM139A 

(D 

juiCI 496G 

LM1496H 

(D ! 

ELH0021 

LH0021 

(D 

juA201 A 

LM201A 

(D 

jaAl 558 

LM1558 

(D 

ELH0032 

LH0032 

(D 

JU-A207 

LM207 

(D 

juCI 596G 

LM1596H 

(D 

ELH0033 

LH0033 

(D 

juA208 

LM208 

(D 

TDA2310 

LM381 

(D 

ELH0041 

LH0041 

(D 

jliA208A 

LM208A 

(D 

jllA2901 

LM2901 

(D 

ELH0101 

LH0101 

(D 

juA21 1 

LM211 

(D 

julA2902 

LM2902 

(D 

EL2006C 

LM6261 

(2) 

juA224 

LM224 

(D 

TCA3089 

LM3089N 

(D 

EL2006 

LM6161 

(2) 

jnA239 

LM239 

(D 

jmA3301 

LM3301 

(i) 

EHA2500 

LM6161 

(2) 

|liA239A 

LM239A 

(1) 

ju,A3302 

LM3302 

(1) 

EHA2502 

LM6161 

(2) 

/xA248 

LM248 

(D 

jiiC4558CD 

LM833CN 

(D 

EHA2505 

LM6361 

(2) 

juA249 

LM249 

(D 

jitA7392 

LM1014 

(D 

EHA2510 

LM6161 

(2) 

jwA301 A 

LM301A 

(D 




EHA2512 

LM6161 

(2) 

ju iA302 

LM302 

(D 

HARRIS 

NATIONAL 


EHA2515 

LM6361 

(2) 

juA304HC 

LM304H 

(D 

HA-OP07 

LM607 

(D 

EHA2520 

LM6164 

(2) 

juA305HC 

LM305H 

(D 

HF-10 

MF10 


EHA2522 

LM6164 

(2) 

/xA305AHC 

LM305AH 

(1) 

HI-201 

LF13201 


EHA2525 

LM6364 

(2) 

fxA307 

LM307 

(D 

HI-300 

AH5020 

(2) 

EHA2600 

LM6161 

(2) 

juA308A 

LM308A 

(1) 

LM741 

LM741 

(D 

EHA2602 

LM6161 

(2) 

jnA308 

LM308 

(D 

HA2400 

LM604AM 

(2) 

EHA2605 

LM6361 

(2) 

jmA309KC 

LM309K STEEL (1) 

HA2404 

LM604AM 

(2) 

EHA2620 

LM6164 

(2) 

juA310 

LM310 

(D 

HA2405 

LM604C 

(2) 

EHA2622 

LM6164 

(2) 

/xA31 1 

LM311 

(D 

HA2406 

LM604C 

(2) 

EHA2625 

LM6364 

(2) 

juA317KC 

LM317K STEEL 

(D 

HA2500 

LM6161 

(2) 




juiA317UC 

LM317T 

(1) 

HA2502 

LM6161 

(2) 

EXAR 

NATIONAL 


juA318 

LM318 

(D 

HA2505 

LM6361 

(2) 

XR084M 

LF147 

(D 

jllA324 

LM324 

(D 

HA2510 

LM6161 

(2) 

XR084 

LF347 

(D 

jliA339 

LM339 

(D 

HA2512 

LM6161 

(2) 

XR146 

LM146 

(D 

julA339A 

LM339A 

(D 

HA2515 

LM6361 

(2) 

XR246 

LM246 

(D 

juA348 

LM348 

(D 

HA2520 

LM6164 

(2) 

XR346 

LM346 

(D 

juA349 

LM349 

(D 

HA2520 

LH0003 

(D 

XR-1001 

MF4C-100 

(D 

jaA376TC 

LM376N 

(D 

HA2522 

LH0003 

(D 

XR-1002 

MF4C-50 

(D 

jliA555TC 

LM555CN 

(D 

HA2522 

LM6164 

(2) 

XR1458 

LM1458 

(D 

jaA556PC 

LM556CN 

(D 

HA2525 

LH0003 

(D 




jliA709 

LM709 

(D 

HA2525 

LM6364 

(2) 

FAIRCHILD 

NATIONAL 


jllA709 

LM709 

(i) 

HA2530 

LH0024 

(2) 

julA78XXKM 

LM140K-XX 

(D 

jaA710 

LM710 

(D 

HA2535 

LH0024 

(2) 

ja78LXXACH 

LM78LXXACH 

(D 

juA710 

LM710 

(D 

HA2540 

LH0032 

(2) 

ju78XXUC 

LM340T-XX 

(D 

M<A711 

LM711 

(D 

HA2541-5 

LM6361 

(2) 

ju78XXUC 

LM78XXCT 

(D 

jaA714 

LM607 

(D 

HA2541-2 

LM6161 

(2) 

jmA78LXXACLP 

LM78LXXACZ 

(D 

JU-A723HM 

LM723H 

(D 

HA2542 

LH0032 

(2) 

jitA78LXXAWC 

LM78LXXACZ 

(D 

jaA723HC 

LM723CH 

(D 

HA2542-2 

LM6164 

(2) 

ju,78MXXCKC 

LM78XXCK 

(D 

juA723DC 

LM723CJ 

(D 

HA2542-5 

LM6164 

(2) 

ju78MXXCKC 

LM78MXXCT 

(D 

jaA723MJ 

LM723J 

(D 

HA2600 

LM6161 

(2) 

jaA78MXXUC 

LM341P-XX 

(D 

|llA723CJ 

LM723CJ 

(D 

HA2602 

LM6161 

(2) 

jliA78MXXCKC 

LM78XXCT 

(D 

|liA723DM 

LM723J 

(D 

HA2605 

LM6361 

(2) 

jliA78XXKC 

LM340K-XX 

(D 

jllA723PC 

LM723CN 

(D 

HA2620 

LM6164 

(2) 

jaA79XXUC 

LM79LXXACZ 

(D 

jaA723CN 

LM723CN 

(D 

HA2622 

LM6164 

(2) 

jliA79XXUC 

LM79MXXCP 

(D 

|llA725 

LM725 

(D 

HA2625 

LM6364 

(2) 

jxA79XXCKC 

LM79XXCT 

(D 

]llA725 

LM725 

(D 

HA2640 

LH0004 

(D 

JU-A79XXCKC 

LM79MXXCP 

(D 

jliA733CN 

LM733CN 

(D 

HA5033 

LH0033 

(D 

JU-A79XXUC 

LM79MXXCH 

(D 

/jlA733 

LM733 

(D 

HA5162 

LH0062 

(2) 

juA79XXUC 

LM320T-XX 

0) 

jaA741 

LM741 

(D 

A5180 

LH0052 

(D 

jaA79XXCKC 

LM79MXXCH 

(D 

jllA741 

LM741 

(D 




juA79XXCKC 

LM79LXXACZ 

(D 

jliA747 

LM747 

(D 

HEWLETT- 



juA79MXXAUC 

LM320MP-XX 

(D 

jllA747 

LM747 

(D 

PACKARD 

NATIONAL 


juA79XXKM 

LM120K-XX 

(D 

juA748 

LM748 

(D 

HCTL-100 

LM628 

(3) 
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HITACHI 

NATIONAL 


MP156A 

LF156A 

(D 

LM330-XKC 

LM330T-XX 

(D 

HA13421A 

LM18293 

(3) 

MP157 

LF157 

(D 

LM337H 

LM337H 

(D 

HA17082 

LF353 

(D 

MP157A 

LF157A 

(D 

LM337K 

LM337K STEEL (1) | 

HA17082A 

LF412 

(D 

MP208A 

LM208A 

(D 

LM337KC 

LM337T 

(D 

HA17084 

LF347 

(D 

MP208 

LM208 

(D 

LM337T 

LM337T 

(D 

HA17084A 

LF347B 

(D 

MP308 

LM308 

(D 

LM340T-XX 

LM340T-XX 

(D 

HA17094 

LM2904 

(D 

MP308A 

LM308A 

(D 

LM340T-XX 

LM340K-XX 

(D 

HA17301 

LM3301 

(D 

MP355A 

LF355A 

(D 

LM340-XXKC 

LM340T-XX 

(D 

HA17324 

LM324 

(D 

MP356A 

LF356A 

(D 

LM350T 

LM350T 

(D 

HA17339 

LM339 

(D 

MP357A 

LF357A 

(1) 

LM350K 

LM350K STEEL (1) 

HA17358 

LM358 

(D 

MP2108A 

LH2108A 

(D 

LM350KC 

LM350T 

(D 

HA17393 

LM393 

(D 

MP5010H 

LM385 


LM350KA 

LM350K STEEL 

(D 

HA17458 

LM1458 

(D 

MP5010L 

LM385 


LM385 

LM385 


HA17741 

LM741 

(D 

MP5010G 

LM185 


AD562A 

DAC1266 

(2) 

HA17747 

LM747 

(D 

MP5010H 

LM185 


AD563A 

DAC1265 

(2) 

HA17901 

LM2901 

(D 

MP5010L 

LM185 


juPC741 

LM741 


HA17902 

LM2902 

(D 

MP5010G 

LM385 


MCI 408 

DAC0806 


HA17903 

LM2903 

(D 




MCI 408 

DAC0808 





MOTOROLA 

NATIONAL 


MCI 408 

DAC0807 


LINEAR 



DAC-08 

DAC0800 


MCI 41 4 

LM1414 

(D 

TECHNOLOGY 

NATIONAL 


DAC-08 

DAC0802 


MCI 436 

LM343 

(D 

REF-01 

LM168 

(D 

DAC-08 

DAC0801 


MCI 458 

LM1458 

(D 

REF-01 

LM368 

(D 

MC78XXACT 

LM340AT-XX 

(D 

MCI 496 

LM1446 


LM129 

LM129 


MC78XXCK 

LM78XXCK 

(D 

MCI 508 

DAC0808 


LM134 

LM134 


MC78LXXACP 

LM78LXXACZ 

(D 

MC1514 

LM1514 

(D 

LM185 

LM185 


MC78MXXCT 

LM78XXCK 

(D 

MCI 536 

LM143 

(D 

LM199 

LM199 


MC78MXXCT 

LM341P-XX 

(D 

MCI 558 

LM1558 

(D 

LM234 

LM234 


MC78LXXACG 

LM78LXXCH 

(D 

MC1596G 

LM1596CH 

(D 

LM329 

LM329 


LM78XXCT 

LM78LXXCH 

(D 

MCI 709 

LM709 

(D 

LM334 

LM334 


MC78MXXCT 

LM78MXXCT 

(D 

MCI 709 

LM709 


LM385 

LM385 


MC78XXCT 

LM78XXCT 

(D 

MC1710 

LM710 


LM399 

LM399 


MC78LXXCP 

LM78LXXACZ 

(1) 

MC1723CL 

LM723CJ 

(D 

AD581 

LM581 


MX78MXXCT 

LM342P-XX 

(D 

MC1723CG 

LM723CH 

(D 

AD581 

LH0070 


MC78LXXCG 

LM78LXXACH 

(D 

MC1723CP 

LM723CN 

(D 

LT1001 

LM607A 

(D 

MC79XXCK 

LM320K-XX 

(D 

MC1723CL 

LM723CM 

(D 

LT1004C 

LM385 


MC79MXXCKC 

LM320MP-XX 

(D 

MC1723L 

LM723J 

(D 

LT1004M 

LM185 


MC79XXCK 

LM79XXCK 

(D 

MC1723G 

LM723H 

(D 

LT1009M 

LM1 36-2.5 


MC79XXCKC 

LM320T-XX 

(D 

MC1733CG 

LM723CH 

(D 

LT1009C 

LM336-2.5 


LM79XXCP 

LM79XXCT 

(D 

MCI 741 

LM741 

(D 

LT1019C 

LM368 

(2) 

MC79XXCT 

LM79MXXCH 

(D 

MCI 741 

LM741 


LT1019M 

LM168 

(2) 

MC79LXXCP 

LM320LZ-XX 

0) 

MCI 747 

LM747 

(D 

LT 1 020 

LP2951 

(3) 

MC79LXXACG 

LM320H-XX 

(D 

MCI 747 

LM747 


LT1021M 

LM169 

(D 

MC79LXXCLP 

LM320LZ-XX 

(D 

MCI 748 

LM748 


LT1021C 

LM369 

(D 

MC79XXCT 

LM79MXXCP 

(D 

LM2930-XKC 

LM2930T-XX 

(1) 

LT1029M 

LM 136-5.0 


MC79LXXACP 

LM79LXXACZ 

(D 

MC3301 

LM3301 

(D 

LT1029C 

LM336-5.0 


MC79LXXCP 

LM79LXXCZ 

(D 

MC3302 

LM3302 

(1) 

LT1031 

LH0070 


MC79XXCT 

LM320T-XX 

(D 

MC3361 

LM3361AN 

(D 




MC79XXCT 

LM79XXCT 

(D 

MC3401 

LM3401 

(D 

LSI 



MC79XXCT 

LM79LXXACZ 

(1) 

MC3410 

DAC1020 

(2) 

COMPUTER 

NATIONAL 


LM79XXCP 

LM79LXXACZ 

(D 

MC3412 

D AC 1265 

(D 

LS7261 

LM621 

(3) 

LM79XXCP 

LM79MXXCH 

(D 

MC3510 

DAC1020 

(2) 

LS7263 

LM621 

(3) 

LM79XXCP 

LM79MXXCP 

(D 

MC4741 

LM348 

(D 




LM109K 

LM109K STEEL (1) 

MCI 4442 

ADC0829 

(2) 

MICRA 

NATIONAL 


LM109H 

LM109H 

(D 

MCI 4444 

ADC0830 

(2) 

MC0002 

LH0002 

(D 

LM117H 

LM117K STEEL (1) 

MC34001 A 

LF411C 

(D 

MC0003 

LH0003 

(D 

LM123K 

LM123K STEEL (1) 

MC34001 B 

LF411C 

(D 

MC0004 

LH0004 

(D 

LM137H 

LM137H 

(D 

MC34001 

LF351 

(D 

MC0032 

LH0032 

(D 

LM137K 

LM137K STEEL (1) 

MC34002B 

LF412C 

(D 

MC0033 

LH0033 

(D 

LM140K 

LM140K-XX 

(D 

MC34002 

LF353 

(D 

MC0041 

LH0041 

(D 

LM150K 

LM150K STEEL (1) 

MC34002A 

LF412A 

(D 

MC0063 

LH0063 

(D 

LM285 

LM285 


MC34004B 

LF347B 

(D 




LM309H 

LM309H 

(D 

MC34004 

LF347 

(D 

MICRO POWER 



LM309H 

LM309K 

(D 

MC34004B 

LF147 

(1) 

SYSTEMS 

NATIONAL 


LM309K 

LM309K STEEL (1) 

MC34004 

LF147 

(D 

MPOP07 

LM607 

(D 

LM317H 

LM317H 

(D 

MC35001 

LF411M 

(1) 

MP108 

LM108 

(D 

LM317LZ 

LM317LZ 

(D 

MC35001 A 

LF411M 

(D 

MP108A 

LM108A 

(D 

LM317T 

LM317T 

(D 

MC35001B 

LF411M 

(1) 

MP155A 

LF155A 

(D 

LM317KC 

LM317T 

(D 

MC35002B 

LF412M 

(D 

MP155 

LF155 

(D 

LM317K 

LM317K STEEL (1) 

MC35002 

LF412M 

(D 

MP156 

LF156 

(D 

LM323K 

LM323K STEEL (1) 

MC35002A 

LF412AM 

(D 
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Cross Reference by Part Number 





Cross Reference by Part Number 


MCI 45040 

ADC081 1 

(2) 

MCI 45041 

ADC081 1 

PRECISION- 

MONOLITHIC 

INC. 

NATIONAL 


REF-01J 

LM368-10 

(D 

REF-01 

LM369 

(D 

AMP-01 

LH0038 

(2) 

DAC-02 

DAC1022 

(2) 

DAC-02 

DAC1020 

(2) 

REF-02 

LM368-5.0 

(3) 

DAC-02 

DAC1021 

(2) 

DAC-03 

DAC1020 

(2) 

DAC-03 

DAC1022 

(2) 

BUF03 

LH0033 

(D 

DAC-03 

DAC1021 

(2) 

OP05 

LM607 

(2) 

DAC-05 

DAC1020 

(2) 

DAC-05 

DAC1021 

(2) 

DAC-05 

DAC1022 

(2) 

SW06B 

LF11333 

SW06G 

LF13333 


SW06F 

LF13333 


OP07 

LM607 

(D 

DAC-08 

DAC0801 

DAC-08 

DAC0800 


MUX-08E 

LF13508 


DAC-08 

DAC0802 


OP15 

LF411 

(1) 

MUX-24E 

LF13509 


REF-43 

LM368-2.5 

(1) 

OP77 

LM607 

(D 

OPIOO 

LH0052 

(2) 

DAC100 

DAC1021 

(2) 

DAC100 

DAC1020 

(2) 

DAC100 

DAC1022 

(2) 

OP105/1 1 1 

LH0052 

(2) 

PM108A 

LM108A 

(D 

PM108 

LM108 

(1) 

PM139A 

LM139A 

(D 

PM139 

LM139 

(D 

PM155 

LF155 

(D 

PM155A 

LF155A 

(1) 

PM156 

LF156 

(D 

PM156A 

LF156A 

(1) 

PM 157 

LF157 

(1) 

PM157A 

LF157A 

(D 

SW201G 

LF13201 

SW201B 

LF11201 


SW201F 

LF13201 


SW202B 

LF11202 


SW202F 

LF13202 


SW202G 

LF13202 


PM208A 

LM208A 

(D 

PM208 

LM208 

(1) 

OP215 

LF412 

(D 

PM308A 

LM308A 

(1) 

PM308 

LM308 

(D 

DAC312 

DAC1266 

(2) 

PM339A 

LM339A 

(1) 

PM355 

LF355 

(D 

PM355A 

LF355A 

(1) 

PM356A 

LF356A 

(D 

PM356 

LF356 

(D 

PM357A 

LF357A 

(D 

PM357 

LF357 

(1) 

PM420 

LF124 

(D 

OPA501/3573 

LH0101 

(2) 

PM725 

LM725 

(1) 


PM-725 

LM725 


PM741 

LM741 

(D 

PM-741 

LM741 


PM-747 

LM747 


PM747 

LM747 

(D 

DAC888 

DAC0831 

(2) 

DAC888 

DAC0832 

(2) 

DAC888 

DAC0830 

(2) 

ADC910 

ADC1005 

(2) 

ADC910 

ADC1025 

(2) 

DAC0812 

DAC1208 

(2) 

DAC0812 

DAC1209 

DAC0812 

DAC1210 


DAC1408 

DAC0806 

(2) 

DAC1408 

DAC0808 

(2) 

DAC1408 

DAC0807 

(2) 

PM2108A 

LH2108A 

(D 

PM7533 

DAC1021 

PM7533 

DAC1020 


PM7533 

DAC1022 


PM7541 

DAC1219 


PM7541 

DAC1218 


RAYTHEON 

NATIONAL 


REF-01 

LM369 

(D 

REF-01T 

LM368 

(D 

REF-02 

LM368-5.0 

(3) 

REF-03 

LM368-2.5 

(D 

LP365 

LP365 


RC714 

LM607 

(1) 

RC741 

LM741 

(D 

RC741 

LM741 

RC747 

LM747 


RC747 

LM747 

(D 

RC1458 

LM1458 

(1) 

RC1558 

LM1558 

(D 

RCA/ 

INTERSIL/G.E. 

NATIONAL 


CA081C 

TL081C 

(2) 

CA081A 

LF411C 

(2) 

CA081 

LF411M 

(2) 

CA081B 

LF411C 

(2) 

CA082C 

TL082C 

(2) 

CA082B 

LF412C 

(2) 

CA082 

LF412M 

(2) 

CA082A 

LF412C 

(2) 

CA084B 

LF347B 

(2) 

CA084 

LF147 

(2) 

CA084C 

LF347 

(2) 

CA124 

LM124 

(D 

CA139 

LM139 

(D 

CA139A 

LM139A 

(D 

CA158 

LM158 

(D 

CA158A 

LM158A 

(D 

DG201 

LF11201 


DG211 

LF13201 


DG212 

LF13202 


CA224 

LM224 

(D 

CA239 

LM239 

(D 

CA239A 

LM239A 

(D 

CA258 

LM258 

(D 

CA258A 

LM258A 

(D 

CA301A 

LM301A 

(D 

CA307 

LM307 

(D 

CA311 

LM311 

(D 

CA324 

LM324 

(D 

CA339A 

LM339A 

(D 

CA339 

LM339 

(D 

CA358A 

LM358A 

(D 


CA358 

LM358 

(D 

CA741 

LM741 

CA741 

LM741 

(D 

CA747 

LM747 

(D 

CA747 

LM747 

CA748 

LM748 

(D 

jtiA748 

LM748 


CA748 

LM748 


ADC0801 

ADC0801 


ADC0802 

ADC0802 


ADC0803 

ADC0803 


ADC0804 

ADC0804 


CA1458 

LM1458 

(D 

CA1558 

LM1558 

(1) 

CA3105 

LM675 

(2) 

CA3290 

LF393 

(2) 

CA3401 

LM3401 

(D 

IH5009 

AH5009 

IH5010 

AH5010 


IH5011 

AH5011 


IH5012 

AH5012 


IH6108 

LF13508 


IH6208 

LF13509 


ICL7114 

ADC1205 

(2) 

ICL7114 

ADC1225 

(2) 

AD7520 

DAC1021 


AD7520 

DAC1020 


AD7520 

DAC1022 


AD7521 

DAC1221 


AD7521 

DAC1220 


AD7521 

DAC1222 


AD7530 

DAC1020 

(3) 

AD7530 

DAC1021 

(3) 

AD7530 

DAC1022 

(3) 

AD7531 

D AC 1220 

AD7531 

DAC1221 


AD7531 

D AC 1222 


AD7533 

DAC1020 


AD7533 

DAC1021 


AD7533 

DAC1022 


AD7541 

DAC1219 


AD7541 

DAC1218 


ICL7650 

LMC668 

(D 

ICL8069 

LM385-1 .2 

ICL8069 

LM313 


ICH8530 

LH0101 

(2) 

SAMSUNG 

NATIONAL 


LM741 

LM741 


SGS 

NATIONAL 


L78M12CV 

LM341P-12 

(1) 

L78M15CV 

LM341P-15 

(1) 

L78S12CV 

LM340T-1 2 

(D 

L78S05CV 

LM340T-5.0 

(1) 

L78S15CV 

LM340T-15 

(D 

L78M05CV 

LM341 P-5.0 

(D 

LM117K 

LM117K 

(1) 

L123CB 

LM723CN 

(1) 

L272 

LM18272 


L293 

LM18293 


L298 

LM18298 


LM317T 

LM317T 

(1) 

LM317K 

LM317K 

(D 

LM748 

LM748 


TDA2310 

LM381 


LM2930A 

LM2930T-5.0 

(D 

LM2931A 

LM2931 AT-5.0 

(D 

TCA3089 

LM3089 

L7805CT 

LM7805CK 

(1) 
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L7815CV 

LM7815CT 

(D 

NE5532 

LM833 


TL087 

LF411A 

(1) 

L7905ACV 

LM320T-5.0 

(D 

NE5532N 

LM833CN 

(2) 

TL088 

LF411A 

(1) 

L7905CT 

LM7905CK 

(D 




TLC274BI 

LMC660AI 

(2) 

L7905CV 

LM7905CT 

(D 

SILICON 



TLC274BM 

LMC660AM 

(2) 

L7912CT 

LM7912CK 

(D 

GENERAL 

NATIONAL 


TLC274M 

LMC660AM 

(2) 

L7912ACV 

LM320T-12 

(1) 

SG101 

LM101A 

(D 

TLC274AC 

LMC660AI 

(2) 

L7915CT 

LM7915CK 

(D 

SG101A 

LM101A 

(1) 

TLC274BC 

LMC660AI 

(2) 

L7915ACV 

LM320T-15 

(D 

SGI 07 

LM107 

0) 

TLC274AM 

LMC660AM 

(2) 




SGI 24 

LM124 

(1) 

TLC274I 

LMC660AI 

(2) 

SIEMENS 

NATIONAL 


SG201 

LM201A 

(D 

TLC274C 

LMC660C 

(2) 

TCA365 

LH0101 

(D 

SG201A 

LM201A 

(1) 

TLC274AI 

LMC660AI 

(2) 




SG207 

LM207 

(D 

TL288 

LF412A 

(1) 

SIGNETICS 

NATIONAL 


SG224 

LM224 

(D 

LM317KC 

LM317T 

(1) 

DAC-08 

DAC0802 


SG301A 

LM301A 

(D 

TL487N 

LM3915N 

(2) 

DAC-08 

DAC0801 


SG307 

LM307 

(D 

TL489N 

LM3914N 

(2) 

DAC-08 

DAC0800 


SG324 

LM324 

(1) 

TL490N 

LM3914N 

(2) 

78LXXACS 

LM78XXACZ 

(D 

SG741 

LM741 

(D 

TL491N 

LM3914N 

(2) 

78LXXADB 

LM78XXACH 

(D 

SG741 

LM741 

(D 

TL520 

ADC0848 

(2) 

78LXXCDB 

LM78LXXCH 

(D 

SG1 173 

LM675 

(2) 

TL521 

ADC0848 

(2) 

78LXXCS 

LM78LXXCZ 

(D 

SGI 436 

LM343 

(D 

TL522 

ADC0848 

(2) 

78XXCU 

LM78XXCT 

(D 

SGI 536 

LM143 

(D 

TL530 

ADC0830B 


78XXDA 

LM78XXCK 

(D 

SG3173 

LM675 

(2) 

TL531 

ADC0830C 


79XXDA 

LM79XXCK 

(D 




TL532 

ADC0829B 


79XXCU 

LM79XXCT 

(D 

SILICONIX 

NATIONAL 


TLC532A 

ADC0829B 

(2) 

LM109DB 

LM109H 

(1) 

DG201 

LF13201 


TLC533A 

ADC0829C 

(2) 

TBA120S-4 

TBA120SIV 


DG202 

LF13202 


TL533 

ADC0829C 


TBA120S-3 

TBA120SIII 


DG211 

LF13201 


TLC540 

ADC0811 

(2) 

TBA120S-2 

TBA120SII 


DG212 

LF13202 


TLC541 

ADC081 1 


LF198 

LF198 


DG508 

LF13508 


TLC549 

ADC0831 

(2) 

LF298 

LF298 


DG509 

LF13509 


/xA709 

LM709 


LM309DA 

LM309K 

(D 




juA723CN 

LM723CN 

(1) 

LM309DB 

LM309H 

(1) 

SPRAGUE 

NATIONAL 


jliA723CJ 

LM723CJ 

(D 

LM340XXLL 

LM340TXX 

(D 

UDN22933 

LM18293 


/xA723MJ 

LM723J 

(1) 

LM340XXDA 

LM340KXX 

(D 




juA733CN 

LM733CN 


LF398 

LF398 


TELEDYNE 

NATIONAL 


juA741 

LM741 


NE529 

LM361 

(D 

TP0032 

LH0032 

(D 

ju,A747 

LM747 


SE529 

LM161 

0) 

TP0033 

LH0033 

(D 

ADC0801 

ADC0801 


SE532 

LM158 

(1) 




ADC0802 

ADC0802 


SA532 

LM2904 

(1) 

TEXAS 



ADC0803 

ADC0803 


NE532 

LM358 

0) 

INSTRUMENTS 

NATIONAL 


ADC0804 

ADC0804 


SA534 

LM2902 

(D 

/aA78XXCKC 

LM78XXCT 

(D 

ADC0805 

ADC0805 


NE555N 

LM555CN 


jutA78LXXACL 

LM78LXXACZ 

(D 

ADC0808 

ADC0808 


SE567 

LM567 

(2) 

juA78MXXCKD 

LM78MXXCP 

(1) 

ADC0809 

ADC0809 


jwA723CN 

LM723CN 

(D 

juA79MXXCKD 

LM79MXXCP 

(D 

ADC0831 

ADC0831 


juA723CL 

LM723CH 

(D 

juA79XXCKC 

LM79XXCT 

(D 

ADC0832 

ADC0832 


juA723L 

LM723H 

(D 

TL061A 

LF441 

(D 

ADC0834 

ADC0834 


jliA723CF 

LM723CJ 

(1) 

TL061B 

LF441A 

(1) 

ADC0838 

ADC0838 


/xA723F 

LM723J 

(D 

TL061 

LF441 

0) 

RC4558 

LM833 


|itA741 

LM741 


TL062A 

LF442 

(D 

RV4558D 

LM833CM 


jliA747 

LM747 


TL062B 

LF442 

(D 

RC4558D 

LM833CM 


ADC0801 

ADC0801 


TL062 

LF442 

(D 




ADC0802 

ADC0802 


TL064A 

LF444 

(D 

THOMSON 

NATIONAL 


ADC0803 

ADC0803 


TL064 

LF444 

(D 

LM105H 

LM105H 

(D 

ADC0804 

ADC0804 


TL071B 

LF411 

(1) 

LM109K 

LM109K STEEL (1) 

ADC0805 

ADC0805 


TL071A 

LF411 

(D 

LM117K 

LM117K STEEL (1) 

MCI 408 

DAC0808 


TL071 

LF351 

(D 

LM117H 

LM117H 

(D 

MCI 408 

DAC0807 


TL072 

LF353 

(D 

LM123K 

LM123K STEEL (1) 

MCI 408 

DAC0806 


TL072A 

LF412 

(D 

LM134 

LM134 


MC1496N 

LM1496N 


TL072B 

LF412 

(1) 

LM135 

LM135 


MCI 508 

DAC0808 


TL074 

LF347 

(D 

LM137K 

LM137K STEEL (1) 

MC1596K 

LM1596H 


TL074A 

LF347B 

(D 

LM137H 

LM137H 

(1) 

NE4558D 

LM833CM 

(2) 

TL081B 

LF411 

(D 

LM138K 

LM138K STEEL 

(D 

NE4558N 

LM833CN 

(2) 

TL081 

TL081 

(D 

LF198 

LF198A 

(D 

NE4558 

LM833 

(2) 

TL081A 

LF411 

(1) 

LM234 

LM234 


NE5034 

ADC0841 

(2) 

TL082B 

LF412 

(D 

LM235 

LM235 


SE5118 

DAC0830 

(2) 

TL082A 

LF412 

(1) 

LF298 

LF298 


NE5118 

DAC0830 

(2) 

TL082 

TL082 

(D 

LM305H 

LM305H 

(1) 

NE5410 

DAC1020 

(2) 

TL084A 

LF347B 

(D 

LM309H 

LM309H 

(D 

SE5410 

D AC 1020 

(2) 

TL084 

LF347 

(D 

LM309K 

LM309K STEEL (1) 

NE5532P 

LM833CN 

(2) 
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Cross Reference by Part Number 


LM317K 

LM317K STEEL (1) 

LM317H 

LM317H 

(D 

LM323K 

LM323K STEEL (1) 

LM334 

LM334 


LM335A 

LM335A 


LM335 

LM335 


LM337H 

LM337H 

(D 

LM337K 

LM337K STEEL (1) 

LM338K 

LM338K STEEL 

(D 

LF398 

LF398A 

(1) 

jllA741 

LM741 


jllA748 

LM748 


TBC0136 

LM336 


jwA7805CK 

LM7805KC 

(D 

jixA7805MK 

LM140K-5.0 

(D 

jm A7812MK 

LM140K-12 

(D 

jilA7812CK 

LM7812KC 

(D 

ju,A7815CK 

LM7815KC 

(D 

julA7815MK 

LM140K-15 

(1) 

/xA7905MK 

LM120K-5.0 

(D 

juA7905CK 

LM7905KC 

(D 

julA7912MK 

LM120K-12 

(D 

/xA7912CK 

LM7912KC 

(D 

JU-A7915MK 

LM120K-15 

(D 

\x A7915CK 

LM7915KC 

(D 

TOSHIBA 

NATIONAL 


TA7504 

LM741 


TA75339 

LM2901 

(D 

TA75358 

LM2904 

(1) 

TA75393 

LM2903 

(D 

TA75902 

LM2902 

(1) 

UNITRODE 

NATIONAL 


L293 

LM 18293 


L298 

LM 18298 
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Industry Package Cross-Reference Guide 






NSC 


Slgnetics 


Fairchild 


Motorola 


Tl 


RCA 


Hitachi 


NEC 


LTC 





OJ 


PCC 


FN 


FN 


CP 
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Voltage Regulators— Definition of Terms 



National 

Semiconductor 

Corporation 


Voltage Regulators 
Definition of Terms 


Current-Limit Sense Voltage: The voltage across the cur- 
rent limit terminals required to cause the regulator to cur- 
rent-limit with a short circuited output. This voltage is used 
to determine the value of the external current-limit resistor 
when external booster transistors are used. 

Dropout Voltage: The input-output voltage differential at 
which the circuit ceases to regulate against further reduc- 
tions in input voltage. 

Feedback Sense Voltage: The voltage, referred to ground, 
on the feedback terminal of the regulator while it is operat- 
ing in regulation. 

Input Voltage Range: The range of dc input voltages over 
which the regulator will operate within specifications. 

Line Regulation: The change in output voltage for a 
change in the input voltage. The measurement is made un- 
der conditions of low dissipation or by using pulse tech- 
niques such that the average chip temperature is not signifi- 
cantly affected. 

Load Regulation: The change in output voltage for a 
change in load current at constant chip temperature. 

Long Term Stability: Output voltage stability under accel- 
erated life-test conditions at 1 25°C with maximum rated volt- 
ages and power dissipation for 1000 hours. 

Maximum Power Dissipation: The maximum total device 
dissipation for which the regulator will operate within specifi- 
cations. 


Output-Input Voltage Differential: The voltage difference 
between the unregulated input voltage and the regulated 
output voltage for which the regulator will operate within 
specifications. 

Output Noise Voltage: The RMS ac voltage at the output 
with constant load and no inut ripple, measured over a 
specified frequency range. 

Output Voltage Range: The range of regulated output volt- 
ages over which the specifications apply. 

Output Voltage Scale Factor: The output voltage obtained 
for a unit value of resistance between the adjustment termi- 
nal and ground. 

Quiescent Current: That par of input current to the regula- 
tor that is not delivered to the load. 

Ripply Rejection: The line regulation for ac inupt signals at 
or above a given frequency with a specified value of bypass 
capacitor on the reference bypass terminal. 

Standby Current Drain: That part of the operating current 
of the regulator which does not contribute to the load cur- 
rent. (See Quiescent Current) 

Temperature Stability: The percentage change in output 
voltage for a thermal variation from room temperature to 
either temperature extreme. 

Thermal Regulation: Percentage change in output voltage 
for a given change in power dissipation over a specified time 
period. 
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Voltage Regulators Selection Guide 



Adjustable Positive Voltage Regulators 



Amps 

Device 

Output Voltage 

Package 

10.0 


LM196K 


1.25V- 15V 


TO-3 



LM396K 


1.25V- 15V 


TO-3 

5.0 


LM138K 


1.2V-32V 


TO-3 



LM338K 


1.2V-32V 


TO-3 

3.0 


LM150K 


1.2V-33V 


TO-3 



LM350K, T 


1.2V-33V 


TO-3, TO-220 

1.5 


LM117K 


1.2V-37V 


TO-3 



LM117HVK 


1.2V-57V 


TO-3 



LM2941CT 


5.0V-24V 


TO-220 



LM317K, T 


1.2V-37V 


TO-3, TO-220 



LM317HVK 


1.2V-57V 


TO-3 

0.5 


LM117H 


1.2V-37V 


TO-39 



LM117HVH 


1.2V-57V 


TO-39 



LM317H 


1.2V-57V 


TO-39 



LM317HVH 


1.2 V- 37 V 


TO-39 



LM317MP 


1.2V-37V 


TO-202 

0.1 


LM317LZ, M 


1.2V-37V 


TO-92, SO-8 



LM2931CT 


3.0V-24V 


TO-220, 5-LEAD 



LP2951CN, J, H, M 


1 .24V- 29 V 

DIP, CERDIP, HEADER, SO-8 | 

Adjustable Negative Voltage Regulators 

Amps 

Device 

Output Voltage 

Package 

3.0 


LM133K 


-1.2V- -32V 


TO-3 



LM333K, T 


-1.2V- -32V 


TO-3, TO-220 

1.5 


LM137K 


-1.2V- -37V 


TO-3 



LM137HVK 


-1.2V- -47V 


TO-3 



LM337K, T 


-1.2V- -37V 


TO-3, TO-220 



LM337HVK 




TO-3 

0.5 


LM137H 


-1.2V- -37V 


TO-39 



LM137HVH 


-1.2V- -47V 

■ 

TO-39 



LM337H 


-1.2V- -37V 


TO-39 



LM337HVH 


-1.2V- -47 V 


TO-39 



LM337MP 


-1.2V- -37V 


TO-202 

0.1 

LM337LZ, M 

-1.2V- -37V 

TO-92, SO-8 
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Voltage Regulators Selection Guide 


Fixed Positive Voltage Regulators 

Amps 

Device 

Output Voltage 

Package 

3.0 


LM123K 

5V 

TO-3 



LM2943CT* 

5V 

TO-220 



LM323K 

5V 

TO-3 

1.0 


LM109K 

5V 

TO-3 



LM140AK 

5 V, 12V, 15V 

TO-3 



LM140K 

5V, 12V, 15V 

TO-3 



LM2940CT 

5V, 12 V, 15V 

TO-220 



LM309K 

5V 

TO-3 



LM340AK, T 

5V, 12V, 15V 

TO-3, TO-220 



LM340K, T 

5V, 12V, 15V 

TO-3, TO-220 



LM78xxCK, T 

5V, 12 V, 15V 

TO-3, TO-220 

0.5 


LM2984CT 

5 V, 12V, 15V 

TO-220, TO-202 



LM341T, P 

5V, 12V, 15V 

TO-220, TO-202 



LM78MxxCT 

5 V, 12 V, 15V 

TO-220 

0.2 


LM109H 

5V 

TO-39 



LM309H 

5V 

TO-39 



LM342P 

5V, 12V, 15V 

TO-202 

0.15 

LM2930T 

5V, 8V 

TO-220 

0.1 


LM140LAH 

5V, 12 V, 15V 

TO-39 



LM2931Z, T 

5V 

TO-92, TO-220 



LM340LZ, H 

5V, 12 V, 15V 

TO-92, TO-39 



LM78LxxACZ, H, M 

5V, 12V, 15V 

TO-92, TO-39, SO-8 



LP2950CZ 

5V 

TO-92 

•Future Product 







Fixed Negative Voltage Regulators 


Amps 

Device 

Output Voltage 

Package 

3.0 


LM145K 

— 5V, -5.2V 

TO-3 



LM345K 

— 5V, -5.2V 

TO-3 

1.5 


LM120K 

1 

< 

1 

cn 

< 

TO-3 



LM320K, T 

— 5V, -12V, -15V 

TO-3, TO-220 



LM79xxCT, K 

— 5V, -12V, -15V 

TO-3, TO-220 

0.5 


LM320MP 

— 5V, -12V, -15V 

TO-220 



LM79MxxCP, K 

— 5V, -12V, -15V 

TO-202, TO-3 

0.2 


LM120H 

— 5V, -12V, -15V 

TO-39 



LM320H 

— 5V, -12V, -15V 

TO-39 

0.1 


LM320LZ 

— 5V, -12V, -15V 

TO-92 



LM79LxxACZ, M 

— 5V, -12V, -15V 

TO-92, SO-8 

•The LM320 has better electrical characteristics than the LM79xx. 



LM 1 00 Series + 55°C to + 1 50°C 

LM300 Series 0°C to + 1 25°C 




26 































Low Dropout Regulators 

Amps 

Device 

Output Voltage 

Package 

0.100 

LM2931T, Z 

5V, ADJ 

TO-220, TO-92 


LP2950CZ 

5V 

TO-92 


LP2951N, J, H 

ADJ 

DIP, CERDIP, HEADER 

0.150 

LM2930T 

5V, 8V 

TO-220 

0.500 

LM2984CT 

TRIPLE 5V + WATCHDOG 

TO-220, 11 -LEAD 

0.750 

LM2925T 

5V WITH DELAYED RESET 

TO-220, 5-LEAD 


LM2935T 

DUAL 5V 

TO-220, 5-LEAD 

1.5 

LM2940CT 

5V, 12V, 15V 

TO-220 


LM2941CT* 

ADJ 

TO-220, 5-LEAD 

3.0 

LM2943CT* 

5V 

TO-220 


•Future Product 
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Operational Amplifiers— Definition of Terms 



National 

Semiconductor 

Corporation 


Operational Amplifiers 
Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1/V2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. % harmonic distortion = 

(V22 + V32 + V42 + . . ,)1/2 (100%) 

VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (RJ. 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (R[_). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (Rj_). 
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Corporation 


General Purpose Operational 
Amplifier Selection Guide 


Part # 

Vos 

mV (Max) 

■b 

nA (Max) 

GBW 

MHz(Typ) 

Slew 

Rate 

V/jus (Typ) 

Supply 
Current 
(Note 3) 
mA (Max) 

Supply 

Voltage 

Min Max 

V V 


Special 

Features 


Military Temperature Range (-55°C to + 125°C) Specs at T A = 25°C (Note 1) 


LH0044A 


LM607A 


LH0044 


LM607B 
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General Purpose Operational Amplifier Selection Guide (Continued) 



S 

Current 
(Note 3) 
m A (Max) 


Military Temperature Range (-55°C to + 125°C) Specs at Ta = 25°C (continued) 



Special 

Features 



Minimum Gain of 5 


Quad BiFet 


Dual BiFet 


Quad BiFet 


Programmable Gain OA 


Quad 



±40 

Minimum Gain of 10 

±22 

(Note 5) 


±5 ±22 Minimum Gain of 5, Quad 


32 Dual 


Comparator and Op Amp 


LH0042 20 


0.2 

0.1 

±1 

±18 

3 

3.5 

±5 

±22 





Vos 

mV (Max) 


l B GBW 

n A (Max) MHz(Typ) 


Slew 

Rate 

V/ p-s (Typ) 


Supply 
Current 
(Note 3) 
mA (Max) 


Supply 

Voltage 


Special 

Features 




























































































































General Purpose Operational Amplifier Selection Guide (Continued) 


mV (Max) nA(Max) 


GBW 

MHz(Typ) 


Slew 

Rate 

V//AS (Typ) 


Supply 
Current 
(Note 3) 
mA (Max) 


Supply 

Voltage 


Special 

Features 


Industrial Temperature Range (-25°C to +85°C) (continued) 



V 0 s 

mV (Max) 


l B GBW 

nA (Max) MHz (Typ) 


Slew 

Rate 

V//is (Typ) 


Supply 
Current 
(Note 3) 
mA (Max) 


Supply 

Voltage 


Commercial Temperature Range (0°C to + 70°C) (Notes 1 and 2) 


Special 

Features 


Commutating Autozero 


Commutating Autozero 
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Purpose Operational Amplifier Selection Guide (Continued) 


LM392 


LM833 


LMC660 


LM346 


LM348 


LM349 


LM741C 


LM1458 


LM4250C 


LM324 


LM358 


LM301A 


LM307 


LM308 


LM312 


GBW 

Slew 

Rate 

Supply 

Current 

Supply 

Voltage 

Special 

MHz(Typ) 

v/n s(Typ) 

(Note 3) 
mA (Max) 

Min Max 

V V 

Features 



Compensated LM308 


LM343 

8 

40 

1 

2.5 

5 

±4 

±34 


LM344 

8 

40 

1 

2.5 

5 

±4 

±34 

Minimum Gain of 10 

LF347 

10 

0.2 

4 

13 

11 

±6 

±18 

Quad BiFet 





































































































































































































General Purpose Operational Amplifier Selection Guide (Continued) 


Vos 

mV (Max) 


•b 

nA (Max) 


GBW 
MHz (Typ) 


Slew 

Rate 

V/fi,s (Typ) 


Supply 
Current 
(Note 3) 
mA (Max) 


Supply 

Voltage 


Special 

Features 


Commercial Temperature Range (0°C to +70°C) (continued) 


LF444 


LF13741 



Vos Ib gbw 

mV (Max) nA(Max) MHz (Typ) 


Slew 

Rate 

V/ /as (Typ) 


Supply 
Current 
(Note 3) 
mA (Max) 


Supply 

Voltage 

Min Max 

V V 


Automotive Temperature Range (-40°C to -f 85°C) 




20 

0.1 

0.05 

0.15 



250 

* 

* 

3 



Special 

Features 


Multiplexed Op Amp 


Quad 

Quad 


Quad 

Comparator Plus Op Amp 


LM2904 7 250 


LM2924 | 7 | 250 | * | * | 2 | 3 | 26 | Comparator Plus Op Amp 

*Not Specified. 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 

Note 2: Those looking for a commercial part should also look at the Industrial Temp Range guide as many Hybrids are listed there. 

Note 3: Supply current is for all amplifiers in a package. 

Note 4: The LM10 has 2 versions: one a high voltage part, good to 45V and a low voltage part, good to 7V. Refer to the datasheet for more information. 

Note 5: The LM146 and LM4250 are programmable amplifiers. The data shown is for Vs = ±15V and Iset - 10 pA Refer to the datasheets for more information. 
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RJN National 
fZ/m Semiconductor 
4i Corporation 


Low Ibias Selection Guide 


^5pA 

^20 pA 

^50 pA 

£100 pA 


Ta = 25 °c 


LH0022 

LMC668 

LH0032A 

LH0032 


LMC660 

LF155A/156A 

LF155/156 

LH0042 


LF157A 

LF157 

LH0042C 


LF355A/356A 

LF255/256 

LH0052 


LF357A 

LF257 

LH0052C 


LF441A 

LF355B/356B 

LH0062 


LF442A 

LF357B 



LF444A 

LF441 



LM11 

LF442 




LF444 




LM11C 




LH0062C 














Note: Datasheet should be referred to for conditions and more detailed information. 


^ 200 pA ] ^ 500 p A I ^ 1 nA 


LF401A 

LH4101 

LF401 

LH0032C 


LF400A 

LF400 

TL081 

LH0032AC 

LF351 

LF411 A/411 
LF355/356 
LF357 

LF147/347B/347 

LF353 

LF412A/412 

LF13741 

LM11CL 


















































Wjn National 
/Z/m Semiconductor 
dbfl Corporation 







High Speed Operational 

Amplifier Selection Guide 

Part # 

Slew Rate 
v/jis (Typ) 

GBW 

MHz (Typ) 

V OS 

mV (Max) 

•s 

mA (Max) 
(Note 2) 

Notes 

GBW ;> 4 MHz, T a = 25° C 

LH0024 

500 

70 

8 

15 


LH0032 

500 

70 

15 

22 

FET Input 

LM6361 

300 

50 

20 

6.8 


LM6364 

300 

175 

9 

6.8 

Min Gain of 5 

LM6365 

300 

725 

7 

6.8 

Min Gain of 25 

LH4101 

250 

40 

15 

40 

Medium Power JFET 

LF400 

70 

16 

2.5 

12 

Fast Settling JFET 

LF401 

70 

16 

0.5 

12 

Precision Fast Settling JFET 

LH0003 

70 

30 

3 

3 


LH0062 

70 

15 

15 

12 

FET Input 

LM318 

70 

15 

10 

10 


LF357 

50 

20 

10 

10 

Min Gain of 5, JFET 


40 

16 

10 

25 

Medium Power Fast Settling JFET 

LM359 

30 

30 

* 

22 

Dual Current Mode (Norton) Amp 

LF411 

15 

4 

2 

3.4 

JFET 

LF412 

15 

4 

3 

6.8 

Dual JFET 

LF347 

13 

4 

10 

11 

Quad JFET 

LF351 

13 

4 

10 

3.4 

JFET 

LF353 

13 

4 

10 

6.8 

Dual JFET 

LF356 

12 

4.5 

10 

10 

JFET 

LM833 

7 

15 

5 

8 

Dual Low Noise 

•Not specified. 

Note 1: Datasheet should be referred to for conditions and more detailed information. Many versions with better DC specs are available in addition to those listed 
above. 

Note 2: Supply current is for all amplifiers in a package. 
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National 

Semiconductor 

Corporation 


Medium and High Power Operational Amplifier 
Selection Guide 0.1 A Output) 


Part# 

•out 

Vos 

•s 

Slew Rate 

PBW 

A (Typ) 

mV (Max) 

mA (Max) 

V//aS (Typ) 

kHz (Typ) 

LH4104 

0.1 

10 

25 

40 

* 

LH4101 

0.1 

15 

40 

250 

* 

LH0041 

0.2 

6 

4 

1 

20 

LH0061 

0.5 

15 

15 

25 

1000 

LH0021 

1.0 

6 

4 

1 

20 

LH0101A 

2 

3 

35 

10 

300 


2 

10 

35 

10 

300 

LM675 

3 

10 

50 

8 

* 

LM12(L) 

(Note 2) 

7 

80 

9 

60 

LM12C(L) 

(Note 2) 

15 

120 

9 

60 


*Not Specified 

Note 1: Refer to Datasheet for conditions and more detailed information. 

Note 2: Iout for the LM12 is dependent on the amount of power dissipated in the output transistor. The datasheet should be referred to, to determine amount of 
current available. 
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Special Amplifier Selection Guide 


LH0045 Two Wire Transmitter 

LH0082 20 MHz Transimpedance Amplifier 

LH0086 Programmable Gain Operational Amplifier 

LM359 Dual Current Mode (Norton) Amplifier 

LM2900, 3900, Quad Current Mode (Norton) Amplifier 
3301,3401 

LM3080 Operational Transconductance Amplifier 

LM 13600 Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 
13700 Improved Dual Operational Transconductance Amplifier with Linearizing Diodes and Buffers 

LM604 4 In, 1 Out Multiplexed Op Amp 

Note: Refer to the datasheet for specifications. 
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Buffers— Definition of Terms 



National 

Semiconductor 

Corporation 


Buffers 

Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 />/2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. 

% harmonic = (V2 2 + V 32 + V42 + . . , )i/2 (100%) 
distortion VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (Ri_). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (RJ. 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (Rl). 
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Buffers Selection Guide (Notes i and 2) 


Device 

-3dB 

Vos 

is 

Voltage 

VOUT 

S. R. 

•out 

Type 

MHz (Typ) 

mV (Max) 

mA (Max) 

Gain (Typ) 

V (Min) 

V//xs (Typ) 

mA(Typ) 

LM110, 210,310 

20 

7.5 

5.5 

0.9999 

±10 

3.0 

10 

LH4001 

25 

500 

10 

0.97 

±10 

125 

200 

LH0002 

30 

±30 

10 

0.97 

±10 

100 

200 

LH0033 

100 

20 

24 

0.98 

±9 

1400 

100 

LH4002 

200 



0.85 

±3 

1250 

40 

LH0063 

200 



0.93 

±10 

2400 

250 


•Not specified 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 
Note 2: 200°C Temp Range Parts are available. Consult local sales office for information. 
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Voltage Comparators— Definition of Terms 
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Semiconductor 

Corporation 


Voltage Comparators 
Definition of Terms 


Input Bias Current: The average of the two input currents. 
Input Offset Current: The absolute value of the difference 
between the two input currents for which the output will be 
driven higher than or lower than specified voltages. 

Input Offset Voltage: The absolute value of the voltage 
between the input terminals required to make the output 
voltage greater than or less than specified voltages. 

Input Voltage Range: The range of voltage on the input 
terminals (common-mode) over which the offset specifica- 
tions apply. 

Logic Threshold Voltage: The voltage at the output of the 
comparator at which the loading logic circuitry changes its 
digital state. 

Negative Output Level: The negative DC output voltage 
with the comparator saturated by a differential input equal to 
or greater than a specified voltage. 

Output Leakage Current: The current into the output termi- 
nal with the output voltage within a given range and the 
input drive equal to or greater than a given value. 

Output Resistance: The resistance seen looking into the 
output terminal with the DC output level at the logic thresh- 
old voltage. 

Output Sink Current: The maximum negative current that 
can be delivered by the comparator. 

Positive Output Level: The high output voltage level with a 
given load and the input drive equal to or greater than a 
specified value. 

Power Consumption: The power required to operate the 
comparator with no output load. The power will vary with 
signal level, but is specified as a maximum for the entire 
range of input signal conditions. 


Response Time: The interval between the application of an 
input step function and the time when the output crosses 
the logic threshold voltage. The input step drives the com- 
parator from some initial, saturated input voltage to an input 
level just barely in excess of that required to bring the output 
from saturation to the logic threshold voltage. This excess is 
referred to as the voltage overdrive. 

Saturation Voltage: The low-output voltage level with the 
input drive equal to or greater than a specified value. 
Strobe Current: The current out of the strobe terminal 
when it is at the zero logic level. 

Strobe Output Level: The DC output voltage, independent 
of input conditions, with the voltage on the strobe terminal 
equal to or less than the specified low state. 

Strobe “ON” Voltage: The maximum voltage on either 
strobe terminal required to force the output to the specified 
high state independent of the input voltage. 

Strobe “OFF” Voltage: The minimum voltage on the strobe 
terminal that will guarantee that it does not interfere with the 
operation of the comparator. 

Strobe Release Time: The time required for the output to 
rise to the logic threshold voltage after the strobe terminal 
has been driven from zero to the one logic level. 

Supply Current: The current required from the positive or 
negative supply to operate the comparator with no output 
load. The power will vary with input voltage, but is specified 
as a maximum for the entire range of input voltage condi- 
tions. 

Voltage Gain: The ratio of the change in output voltage to 
the change in voltage between the input terminals produc- 
ing it. 
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Voltage Comparators Selection Guide 



Response 
Time (Typ) 

ns 

Vos 

mV(Max) 

Is 

mA(Max) 

>b 

nA(Max) 

Comments 

T a = 25°C (Notes 1 and 2) 

LM361 

12 

5 

25 

30,000 

High Speed w/Strobes 

LM360 

16 

5 

32 

20,000 

High Speed, Complementary Outputs 

LM306 

40 

5 

10 

25,000 

High Speed, High Drive 

LM319 

80 

8 

12.5 

1000 

High Speed Dual 

LF311 

200 

10 

7.5 

0.15 

FET Input 

LM311 

200 

10 

7.5 

300 

General Purpose Single 

LM339 

1300 

5 

2 

400 

General Purpose Quad 

LM392 

1300 

10 

1 

400 

One Comparator Plus One Op Amp 

LM393 

1300 

5 

2.5 

250 

General Purpose Dual 

LM2903 

1300 

5 

2.5 

250 

Automotive Dual 

LM2901 

1300 

7 

2 

400 

Automotive Quad 

LP365 

4000 

9 

0.30 

200 

Programmable Quad 

LP311 

4000 

10 

0.3 

150 

Low Power Single 

LP339 

5000 

9 

0.1 

40 

Low Power Quad 


•Not Specified 

Note 1: Datasheet should be referred to for test conditions and more detailed information. 

Note 2: This selection guide should be used to select for Response Time required. Industrial and Military Temperature Range types are available. The DC specs 
are for the lowest Commercial Grade available. 
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Instrumentation Amplifiers 
Definition of Terms 


Bandwidth: That frequency at which the voltage gain is re- 
duced to 1 A/2 times the low frequency value. 
Common-Mode Rejection Ratio: The ratio of the input 
common-mode voltage range to the peak-to-peak change in 
input offset voltage over this range. 

Harmonic Distortion: That percentage of harmonic distor- 
tion being defined as one-hundred times the ratio of the 
root-mean-square (rms) sum of the harmonics to the funda- 
mental. % harmonic distortion = 

(V2 2 + V3 2 -I- V4 2 + . . ,)l/2 (100%) 

VI 

where VI is the rms amplitude of the fundamental and V2, 
V3, V4, . . . are the rms amplitudes of the individual harmon- 
ics. 

Input Bias Current: The average of the two input currents. 
Input Common-Mode Voltage Range: The range of volt- 
ages on the input terminals for which the amplifier is opera- 
tional. Note that the specifications are not guaranteed over 
the full common-mode voltage range unless specifically 
stated. 

Input Impedance: The ratio of input voltage to input current 
under the stated conditions for source resistance (Rs) and 
load resistance (R|_). 

Input Offset Current: The difference in the currents into 
the two input terminals when the output is at zero. 

Input Offset Voltage: That voltage which must be applied 
between the input terminals through two equal resistances 
to obtain zero output voltage. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 


Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 

Output Impedance: The ratio of output voltage to output 
current under the stated conditions for source resistance 
(Rs) and load resistance (Rl). 

Output Resistance: The small signal resistance seen at the 
output with the output voltage near zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Offset Voltage Temperature Drift: The average drift rate 
of offset voltage for a thermal variation from room tempera- 
ture to the indicated temperature extreme. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Settling Time: The time between the initiation of the input 
step function and the time when the output voltage has set- 
tled to within a specified error band of the final output volt- 
age. 

Slew Rate: The internally-limited rate of change in output 
voltage with a large-amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output mid- 
way between the supplies. 

Transient Response: The closed-loop step-function re- 
sponse of the amplifier under small-signal conditions. 

Unity Gain Bandwidth: The frequency range from dc to the 
frequency where the amplifier open loop gain rolls off to 
one. 

Voltage Gain: The ratio of output voltage to input voltage 
under the stated conditions for source resistance (Rs) and 
load resistance (Rl). 
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Note 1: Datasheet should be referred to for test conditions and more detailed information. 
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Radio Circuits 
Video Circuits 
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Special Functions 
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Audio Circuits— Definition of Terms 
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Audio Circuits 
Definition of Terms 


Amplifier 
Class A 

A class A transistor audio amplifier refers to an amplifier 
with a single output device that has a collector flowing for 
the full 360° of the input cycle. 

Class B 

The most common type of audio amplifier that basically con- 
sists of two output devices each of which conducts for 1 80° 
of the input cycle. 

Class C 

In a class C amplifier the collector current flows for less than 
180°. Although highly efficient, high distortion results and 
the load is frequently tuned to minimize this distortion (pri- 
marily used in R.F. power amplifiers). 

Class D 

A switching or sampling amplifier with extremely high effi- 
ciency (approaching 100%). The output devices are used as 
switches, voltage appearing across them only while they are 
off, and current flowing only when they are saturated. 

Crossover Distortion 

Distortion caused in the output stage of a class B amplifier. 
It can result from inadequate bias current allowing a dead 
zone where the output does not respond to the input as the 
input cycle goes through its zero crossing point. Also for 
l/Cs an inadequate frequency response of the output PNP 
device can cause a turn-on delay giving crossover distortion 
for negative going transition through zero at the higher au- 
dio frequencies. 

Dolby B 

Dolby B is a simplified version of the Dolby A professional 
quality noise reduction system. The amplitude of low level 
signals over a selected frequency range is increased prior to 
recording to enhance them above tape noise. On playback 
the original levels are restored causing a corresponding re- 
duction in the audible tape noise. The major difference with 
Dolby A which used four frequency bands, is the use of a 
single variable frequency band with a cut-off frequency that 
increases in the presence of high level high frequency sig- 
nals. 

Dolby Level 

Because of the complementary nature of the Dolby B noise 
reduction system, the audio channel between the encoder 
and the decoder must have a fixed gain such that the de- 
coding signal level is within 2 dB of the encoding signal 
level. Also if recordings are interchangeable the signals in 
the noise reduction system must be related to the levels in 


the audio channel. Dolby level provides this reference and 
corresponds to a specified tape flux density when recorded 
with a 400 Hz tone. For reel to reel and eight track cartridge 
tapes this is 185 nWb/m, and for cassettes Dolby level is 
200 nWb/m. 

Large-Signal Voltage Gain 

The ratio of the output voltage swing to the change in input 
voltage required to drive the output from zero to this volt- 
age. 

Output Resistance 

The ratip of the change in output voltage to the change in 
output current with the output around zero. 

Output Voltage Swing 

The peak output voltage swing, referred to zero, that can be 
obtained without clipping. 

Power Bandwidth 

The power bandwidth of an audio amplifier is the frequency 
range over which the amplifier voltage gain does not fall 
below 0.707 of the flat band voltage gain specified for a 
given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 6 dB below the rated out- 
put. For example, an amplifier rated at 60 watts with 
^0.25% THD, would make its power bandwidth measured 
as the difference between the upper and lower frequencies 
at which 0.25% distortion was obtained while the amplifier 
was delivering 30 watts. 

Power Supply Rejection 

The ratio of the change in input offset voltage to the change 
in power supply voltages producing it. 

Slew Rate 

The internally limited rate of change in output voltage with a 
large amplitude step function applied to the input. 

Supply Current 

The current required from the power supply to operate the 
amplifier with no load and the output at zero. 

Thermal Resistance (Rth) 

An analogy for heat transfer where the ability of a heat con- 
ductive system to transfer heat is described in similar terms 
to those used in an electrical system for power dissipated in 
a resistor with a given applied voltage. The thermal resist- 
ance is given by the temperature differential 
established when a given amount of power is being dissipat- 
ed (0 = T1 - T2 /Pd) with units of °C/watt. 
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PREAMPLIFIERS 


LM381 


LM382 




18 Pin DIP 


16 Pin DIP 


8 Pin DIP ±5V-±15V 
8 Pin SO 


14 Pin DIP ±5V- ± 15V 
14 Pin SO 


0.6 juVt 


0.6 jaVt 


0.5 /xV 


0.03% 105 dB 


0.03% 105 dB 


0.002% 100 dB 


0.002% | 100 dB 


tCCIR/ARM in DIN circuit referred to unity gain at 2 kHz. 
Note 1: Data sheet in Linear 1. 


Package 


AUDIO POWER AMPLIFIERS 


Power* @ „ Input 

1 1 M Bridgeable THD* m 

8ft I 4fi | 2a Voltage No.se* 


Yes 0.2% 2 juV 


0.25% 


0 . 2 % 



Tape System 


Autoreverse 


Few Externals 


Low Noise 
Dual Op Amp 


Low Noise 
Quad Op Amp 
Drives 600H Load 


" * 7 Notes 
Dual 


Single See AN-69 


Single Protected 


Single Fixed Gain I 


Single 4V Operation 


Single Minimum 
Externals 


Single Includes 
Transistor 
Array 


Single Battery 

Operation 


Single Power Driver 


Dual 6V-24V 


Dual Single-In-Line 
Package 


Single Low AM 
Radiation 


Single 3V-15V 
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AUDIO POWER AMPLIFIERS (Continued) 



Package 

Power* 

@ 

Voltage 

Bridgeable 

THD* 

Input 

Noise* 

Single/ 

Dual 

Notes 



QJ2 



^3 

LM1896 

Hi 

■ 

B 

14 Pin DIP 


1.1W 


6V 

Yes 

0.1% 



Low AM 

Radiation 

LM2896 

• 

• 

• 



23 


9V 

Yes 




No Pops 

LM2002 

• 


• 





14.4V 

Yes 




Protected 

LM2878 


• 






22 V 

Yes 



EQil 

6V-32V 

LM831 

• 

■ 

■ 



B 

1 

3V 

Yes 




1.8V-6V 

LM12 
(Note 1) 


■ 

■ 




1 


BB 8 


■ 


Power 

Op Amp 

LM675 
(Note 1) 


• 




B 

1 

±25V 





Power 

Op Amp 

LM1875 


■ 

■ 


20W 

B 

1 



0.015% 

3 jitV 

Single 

Low Crossover 

Distortion 

LM2005 



• 

1 1 Pin TO-220 






0.3% 

1.5 jaV 


Protected 

LM2879 


• 






28V 

Yes 

0.05% 

2.5 julV 

■sum 

6V-32V 

•Note that all values shown are typical. Please refer to data sheets for test conditions. 

Note 1: Data sheet in Linear 1. 

AUDIO CONTROLS 


Application 

Package 

Voltage 

Range 

Volume 
Control Range 

Signal to 
Noise 

THD 



Portable 

Home 

Auto 

LM1035/ 

LM1036 

• 

■ 

B 



80 dB 

80 dB 

0.05% 


Dual DC Controlled 
Tone/Volume/Balance 

LM1037 

• 

• 

• 




100 dB 

0.04% 

100 dB 

DC Audio Switch 

LM1038 

• 

• 

• 




100 dB 

0.04% 

100 dB 

BCD Logic Control 

LM 13600 
(Note 1) 
LM13700 
(Note 1) 

• 

• 

■ 

R 

16 Pin DIP 

16 Pin SO 

±2V-±18V 



0.5% 

100 dB 

T ransconductance 
Amplifiers 

LM3080 
(Note 1) 

• 

■ 

■ 







Transconductance 

Amplifier 

LM1040 

■ 

■ 

i 




80 dB 

0.06% 

75 dB 

Dual DC Controlled 
Tone/Volume/Balance 

Stereo Enhancement 

LMC835 


• 

• 

28 Pin DIP 

+ 2.5V- ±8V 



■ 


7 Band Graphic Equalizer 

MICROWIRETM 

Controlled 

LMC1992/ 

LMC1993 
(Note 2) 


• 

• 

28 Pin DIP 

7V-15V 

80 dB 

105 dB 

0.03% 

95 dB 

Stereo Volume/ 

Tone/ Fade/Select 

MICROWIRETM 

Controlled 

•Distortion determined by external op amps. 

Note 1: Data sheet in Linear 1. 

Note 2: LMC1 992 selects 4 inputs. 

LMC1 993 selects 3 inputs and has a loudness control. 
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NOISE REDUCTION 


Application 

Portable I Home I Auto 


LM1894 


LM1112 • 


LM1141 • • • 28 Pin DIP, Quad 5V-16V Dolby 

LM832 • 14 Pin DIP, SO 1.5V-9V DNR 12 

•Note that all values shown are typical. Please refer to data sheets for test conditions. 

Monaural Cassette Player 


Package 

Voltage 

Range 

NR 

Type 

NR 

Effect* 

Encoding 

Required 

Single/ 

Dual/ 

Decode 

S/N* 

Notes 

18 Pin DIP 


Dolby 

10 dB 

Yes 

Dual 

90 dB 

DC Switched 

14 Pin DIP, SO 

4.5V-18V 

DNR 

12 dB 

No 

Dual 

76 dB 

NSC System 

16 Pin DIP 

6V-20V 

Dolby 

10 dB 

Yes 

Single 

83 dB 


28 Pin DIP, Quad 

5V-16V 

Dolby 


Yes 

Single 


Dolby B/C 

14 Pin DIP, SO 

1.5V-9V 

DNR 

12 dB 

No 

Dual 

76 dB 

NSC System 



Home Stereo System (Audio Power < 10W) 


AM/FM IF 
LM1866 


TAPE 


DOLBY 

rKLAMr 

LM1897 


LM1131 


TONE/VOLUME 

. 

LM1035 

POWER AMP 

LM1036 

LM1040 

LM2879 


Home Component Stereo (Audio Power > 10W) 



Audio Selection Guide 






Audio Selection Guide 


Automotive Radio (Electronically Tuned) 


FM 


| TUNER "| — f 


FM IF 
LM1865 


AM 


] tuner"] — | 


AM RF/IF 
LM1863 


-lozt 


SYNTHESIZER 

DS8906 

DS8907 

DS8908 


STEREO 

DEMOD 

LM1870 

LM4500 


MP CONTROL 


CASSETTE 

PREAMP 

LM1837 

LM1897 


DOLBY 
LM1 131 


AUDIO 

SWITCH 

LM1037 

LM1038 


r] 

DNR 

LM1894 





I 

TONE/VOLUME 

LMC1992 

j 

i 


POWER AMPS 
LM383 
LM2002 
LM2005 


TL/XX/0013-4 


Auto Radio (Manually Tuned) 


STEREO 

DECODER 

LM1870 

LM4500 


AM^ 


DOLBY 

LM1131 


CASSETTE 

PREAMPS 

LM1837 

LM1897 


AM RF/IF 
LM1863 


FM 


| TUNER — I 


FM IF 
LM3189 
LM1965 


DNR 

LM1894 


TONE/VOLUME 

LM1035 

LM1036 

LM1040 


POWER AMPS 
LM383 
LM2002 
LM2005 


TL/XX/0013-5 
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Corporation 


Radio Circuits 
Definition of Terms 


AGC dc Output Shift: The shift of the quiescent 1C output 
voltage of the AGC section for a given change in AGC cen- 
tral voltage. 

AGC Figure of Merit: The widest possible range of input 
signal level required to make the output signal drop by a 
specified amount from the specified maximum output level. 
Typical F.O.M. numbers are from 40 dB to 50 dB, for do- 
mestic radios and about 60 dB for automotive radios (for 
-10 dB output level change). 

AGC Input Current: The current required to bias the central 
voltage input of the AGC section. 

AM Rejection Ratio: The ratio of the recovered audio out- 
put produced by a desired FM signal of specified level and 
deviation to the recovered audio output produced by an un- 
wanted AM signal of specified amplitude and modulating 
index. 

Channel Separation: The level of output signal of an undri- 
ven amplifier with respect to the output level of an adjacent 
driven amplifier. 

Detection Bandwidth: That frequency range about the free 
running frequency of the tone decoder/phase locked loop 
where a signal above a specified level will cause a detected 
signal condition at the output. 

Detection Bandwidth Skew: The measure of how well the 
detection bandwidth is centered about the free running fre- 
quency. It is equal to the maximum detection bandwidth fre- 
quency plus the minimum detection bandwidth frequency 
minus twice the free running frequency. 

Hold In Range: That range of frequencies about the free 
running frequency for which the phase locked loop will stay 
in lock if initially starting out in lock. 

Input Resistance: The ratio of the change in input voltage 
to the change in input current on either input with the other 
grounded. 

Input Sensitivity: The minimum level of input signal at a 
specified frequency required to produce a specified signal- 
to-noise ratio at the recovered audio output. 

Input Voltage Range: The range of voltages on the input 
terminals for which the amplifier operates within specifica- 
tions. 

Large-Signal Voltage Gain: The ratio of the output voltage 
swing to the change in input voltage required to drive the 
output from zero to this voltage. 


-3 dB Limiting Sensitivity: In FM the input signal level 
which causes the recovered audio output level to drop 3 dB 
from the output level with a specified large signal input. 
Lock In Range: That range of frequencies about the free 
running frequency for which the phase locked loop will 
come into lock if initially starting out of lock. 

Maximum Sweep Rate: The maximum rate that the VCO 
may be made to vary its oscillating frequency over its 
Sweep Range. 

Output Resistance: The ratio of the change in output volt- 
age to the change in output current with the output around 
zero. 

Output Voltage Swing: The peak output voltage swing, re- 
ferred to zero, that can be obtained without clipping. 

Phase Detector Sensitivity: The change in the output volt- 
age of the phase detector for a given change in phase be- 
tween the two input signals to the phase detector. 

Power Bandwidth: The power bandwidth of an audio am- 
plifier is the frequency range over which the amplifier volt- 
age gain does not fall below 0.707 of the flat band voltage 
gain specified for a given load and output power. 

Power bandwidth also can be measured by the frequencies 
at which a specified level of distortion is obtained while the 
amplifier delivers a power output 6 dB below the rated out- 
put. For example, an amplifier rated a 60W with ^0.25% 
THD, would make its power bandwidth measured as the 
difference between the upper and lower frequencies at 
which 0.25% distortion was obtained while the amplifier was 
delivering 30W. 

Power Supply Rejection: The ratio of the change in input 
offset voltage to the change in power supply voltages pro- 
ducing it. 

Slew Rate: The internally limited rate of change in output 
voltage with a large amplitude step function applied to the 
input. 

Supply Current: The current required from the power sup- 
ply to operate the amplifier with no load and the output at 
zero. 

Sweep Range: That ratio of maximum oscillating frequency 
to minimum operating frequency produced by varying the 
central voltage of the VCO from its maximum value to its 
minimum value with fixed values of timing resistance and 
capacitance. 

VCO Sensitivity: The change in operating frequency for a 
given change in VCO central voltage. 
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AM RF/IF Detector 


Portable 

Home 

Auto 

Synthesized 

Pin 

Count 

(Dip 

Package) 

Supply 

Voltage 

Supply 

Current 

Input 

Sensitivity 
for 20 dB 

S/N Ratio 


Audio 

Power 

Amplifier 

Internal 

Detector 

Meter 

Output 

LM1863 

• 

• 

• 

• 

20* 

7-16 

8.3 mA 

30 jaV 



• 

• 

LM1866 

• 

• 



20 

3-15 

15 mA 

25 jitV 

• 


• 

• 

LM1868 

• 

• 



20 

4.5-15 

22 mA 

12 ju,V 

• 

• 

• 


LM3820 

• 

• 

• 


14 

4.5-16 

18 mA 

35 juV 





*SO Surface Mount Package Only 

Stereo Decoder 


Portable 

Home 

Auto 

Pin Count 
Dip 

Package 

Supply 

Voltage 

Supply 

Current 

THD 

Separation 

Blend 

High 

Cut 

Lamp 

Driver 

Output 

Buffer 

ARI 

Interference 

Rejection 

LM1800 


• 


16 

10-18 

21 mA 

0.4% 

45 dB 



• 

• 


LM1870 

• 

• 

• 

20 

7-15 

26 mA 

0.05% 

45 dB 

• 

• 

• 

• 


LM1884* 


• 


16 

8-16 

35 mA 

0.1% 

— 



• 

• 


LM4500A 

• 

• 

• 

16 

8-16 

35 mA 

0.1% 

40 dB 



• 

• 

• 

*TV Stereo Decoder 

Radio Remote Control 


Function 

Pin Count 
(Dip Package) 

Supply 

Voltage 

Supply 

Current 

Channels 


Frequency 

Range 

Analog 

Digital 


LM1871 

Encoder/T ransmitter 

18 

4.5-1 5V 

14 mA 

up to 6 

2 

up to 72 MHz 

LM1872 

Decoder/Receiver 

18 

2.5-7V 

13 mA 

2 

2 

up to 72 MHz 
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’Exclusive of 26 dB Buffer 
tNarrow-Band FM-IF 


I IF/Detector 


Supply 

Supply 

-3 dB Limiting 





Meter 

AM/ 

Voltage 

Current 

Sensitivity 


Output 

FM IF 

7.3-16 

43 mA 

60 jiV* 


• 


• 

• 


7.3-16 

43 mA 

60 

0.1% 

• 

Reverse 

• 

• 


7.3-16 

43 mA 

60 /xV* 


• 


• 

• 


3-15 

17 mA 

12 julV 


• 

• 

• 

• 

• 



— ■ 






• 



masm 


• 

• 

• 

• 


8-16 

31 mA 



• 

• 

• 

• 


2-9 

2.8 mA 

2 jliV 

- 

• 
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Cordless Telephone Receiver 


^ 1 MIXER/LO | f 


NBFM IF 
LM 3361 A 


AUDIO AMP 
LM 1895 
LM 386 
LM 389 




TONE DETECT 
LM 567 
LMC 567 


TL/XX/0011-1 


Portable Radio (Stereo) 


FM 


AM 



TL/XX/001 1 -2 


Portable Radio (Monaural) 


Table/Clock Radio 


k 

L_ 


TUNER 


H 


FM^ 


AM/FM IF 

LM 1868 

-< 

■ — | TUNER | — 
AM J 

AM/FM IF 

LM 1866 

— 

LM 1895 

LM 2895 

-< 









TL/XX/001 1-3 


TL/XX/001 1-4 


Auto Radio (Manually Tuned) 


FM 


AM 



TL/XX/001 1-5 
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Automotive Radio (Electronically Tuned) 


FM 


^— | TUNER "| — f 


FM IF 
LM 1865 


AM 


4 


TUNER 


AM RF/IF 
LM 1863 


L.O. 


SYNTHESIZER 
DS 8906 
DS 8907 
DS 8908 


U 


/*P CONTROL 


CASSETTE 
PREAMPS 
LM 1837 
LM 1897 


DOLBY 

LM1131 


STEREO 
DEMOD 
LM 1870 
LM 4500 


AUDIO 
SWITCH 
LM 1037 
LM 1038 



TONE/VOLUME 
LMC 1992 


POWER AMPS 
LM 383 
LM 2002 
LM 2005 


TL/XX/001 1 -6 


Home Stereo System (Audio Power < 10W) 



TL/XX/001 1-7 


Home Component Stereo (Audio Power > 10W) 


FM 


T-— ] tuner "| — T 


FM IF 
LM 1965 


STEREO 
DEMOD 
LM 1870 


AM ^ 


AM RF/IF 
LM 1863 


TAPE 


CASSETTE 
PREAMP 
LM 833 
LM 1897 


DOLBY 
LM 1131 



PHONO 

DDTAUD 


rKLAMr 

LM 833 



TL/XX/001 1-8 
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Aspect Ratio: The ratio of picture width to picture height. 
For the NTSC system this is 4:3. 

Back Porch: The section of the composite video signal be- 
tween the trailing edge of the line (horizontal) sync pulse 
and the end of the blanking pulse period (when picture infor- 
mation begins). For a monochrome signal the back porch is 
simply at the blanking level. For a color signal, the color 
burst is added within this section. 

Black Level: The DC voltage level in the picture signal 
which corresponds to beam cut-off on the display tube. It 
can be at the blanking level (given by the back porch) or 
slightly higher (7.5% to 10% of the peak white signal above 
the blanking level). 

Blacker-than-Black: The amplitude region in the composite 
video signal that extends below the reference black level in 
the direction of the synchronizing pulses. 

Blanking: A portion of the composite video signal whose 
instantaneous amplitude makes the vertical and horizontal 
scan retrace not visible on the display tube. 

Blanking Level: The level of the front and back porches of 
the composite video signal. 

Blanking Period: The period in the composite video signal 
where the level is reduced to the blanking level, below 
which the display electron beam is cut-off. This allows non- 
visible retrace of the beam from the right side of the display 
to the left side at the end of each scan line (horizontal 
blanking) and non-visible return of the electron beam from 
the bottom of the display to the top. Horizontal blanking 
occurs for approximately 1 1 jas between each scan line and 
vertical blanking for 1 .2 ms between each field. 

Blooming: Defocussing of the picture in regions where the 
brightness is too high. 

Breezeway: The section in the signal blanking period be- 
tween the end of the sync pulse and the start of the color 
burst. 

C.C.I.R.: International Radio Consultative Committee — a 
worldwide standards organization. 

Chrominance Signal: That part of the NTSC signal that 
contains the color information. 

Clamping: A process that established a fixed DC voltage 
level for the picture signal. This is important for proper RF 
modulation and for maintaining the correct picture black lev- 
el. 

Color: An attribute of an object being scanned that distin- 
guishes it from other objects, apart from shape, texture, and 
brightness. In television systems the color of an object is 
further subdivided into hue (tint) and saturation. The hue or 
tint refers to the dominant wavelength of a spectral color, 
i.e., light red is the same hue as deep red and dark red. 


Deep red has more vividness or saturation (less white), 
whereas dark red has less brightness. Similar terms are 
used to describe non-spectral colors (a mixture of hues). 
Color Burst: Normally refers to approximately 9 cycles of 
the 3.58 MHz subcarrier superimposed on the back porch of 
the composite video signal. The phase of this burst estab- 
lishes the reference color phase for tint or hue, and the 
amplitude provides a reference for the color saturation level. 
Color Subcarrier: A subcarrier at 3.579545 MHz (NTSC) 
whose modulation sidebands are added to a monochrome 
video signal to convey the color information. Similar subcar- 
riers are used for SECAM and PAL. 

Composite Video Signal: The complete video signal. For 
monochrome, it consists of blanking and synchronizing sig- 
nals, with a picture signal representing the scene bright- 
ness. For color, an additional subcarrier is added for color 
synchronization and picture color content. 

Compression: An undesired decrease in amplitude of one 
portion of the composite video signal relative to another 
portion. 

Contrast: The range of dark and light values in a picture. 
Cross-talk: An undesired signal interfering with a desired 
signal. 

Definition: See resolution. 

Differential Gain: The amplitude change in the 3.58 MHz 
color subcarrier as the picture signal varies from blanking to 
peak white level. This is the result of system non-linearities 
and is measured in percent change. 

Differential Phase: The phase change, measured in de- 
grees, of the 3.58 MHz color subcarrier as the picture signal 
varies from blanking to peak white level. 

Equalizing Pulses: Pulses of one half the width of the line 
(horizontal) sync pulses, transmitted at twice the line rate for 
the three line periods before and after the field (vertical) 
sync pulse. They are used to help the vertical sync system 
of the receiver accommodate the half line difference in the 
number of scan lines on successive fields. 

Field: One half of a complete picture interval. A field will 
contain either all the odd numbered scanning lines or all the 
even numbered scanning lines in the picture. 

Field Frequency: The rate at which a complete field is 
scanned. For NTSC color signals this is nominally 59.94 Hz. 
Fly-back: See Horizontal Retrace. 

Frame: A complete picture consisting of two interlocking 
fields. 

Frame Frequency: The rate at which a complete frame is 
scanned. In the U.S. this is nominally 30 frames or pictures 
per second. 
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Front Porch: The section of the composite video signal be- 
tween the end of the picture information on a scan line (start 
of blanking) and the start of the line synchronization pulse. 
Horizontal Blanking: The blanking signal at the end of 
each scan line that prevents the retrace of the display tube 
electron beam from being visible. 

Horizontal Retrace: The rapid return of the scanning elec- 
tron beam from the right side of the raster to the left side. 
Horizontal Hum Bars: Relatively broad horizontal bars drift- 
ing slowly up the screen as a result of interference from the 
60 Hz main frequency. 

Hue (Tint): Describes the color that is being represented on 
the screen, i.e., red, blue, magenta, green, orange, etc. 
Interlace: A scanning process in which each adjacent line 
belongs to the alternate field. 

I.R.E.: Institute of Radio Engineers. Now combined with the 
AIEE to form the IEEE. 

I.R.E. Scale: An oscilloscope scale calibrated for composite 
video and divided vertically into 140 units. The picture signal 
occupies the range from 0 to 100 with syncs in the range 0 
to -40. 

Luminance: The monochrome or brightness part of the col- 
or signal, composed of specific proportions of the three pri- 
mary colors, red, blue, and green. 

N.T.S.C.: National Television System Committee, used in 
reference to the system adopted for color television broad- 
casting in the U.S. at the end of 1 953. 

Noise: In a television picture, ‘noise’ refers to random inter- 
ference producing a salt and pepper pattern over the pic- 
ture. Heavy noise totally obscuring the picture is called 
“snow”. 

Overshoot: An (excessive) response to a unidirectional sig- 
nal change. Overshoot is often used deliberately to en- 
hance the luminance portion of a signal. 

Pairing: A partial or complete failure of interlace in which 
scan lines of alternate fields fall in pairs, one on top of the 
other. 

Pedestal Level: See Blanking Level. 

Percentage Sync: 

Video: The ratio in percent of the amplitude of the syn- 
chronizing pulse to the peak amplitude of the picture sig- 
nal between blanking and reference white level. For a 
properly constituted composite video signal this is 40%. 
RF: The ratio is a percent of the amplitude of the syn- 
chronizing pulse to the peak amplitude of the modulated 
RF signal. For correct modulation this is 25%. 

P.A.L.: Phase Alternation Line. A variation of the NTSC sys- 
tem involving phase reversal of one of the color difference 
signals on a line by line basis, introduced into the U.K. and 
Germany in 1967. 

Picture Signal: That portion of the composite video signal 
which is above the blanking level and contains the picture 
information. 

Pre-emphasis: An increase in the level of a band of fre- 
quency components with respect to the remainder of the 


signal. For U.S. television, the audio signal is increased at a 
6 db/octave rate above 2.1 kHz. 

Raster: The area on the face of the display tube that is 
scanned by the electron beam. This is not always entirely 
visible since commercial receivers employ overscan so that 
the edges of the raster are hidden by the faceplate. 
Reference Signals: See V.l.T.S. and V.I.R.S. 

Resolution (Horizontal): The amount of resolvable detail in 
the horizontal direction of the picture. This depends on the 
high frequency and phase response of the transmission sys- 
tem and the receiver. 

Resolution (Vertical): The amount of resolvable detail in 
the vertical direction of the picture. This depends primarily 
on the number of scan lines that are used and secondarily 
on the size (shape) of the electron scanning beam. 
Saturation (Color): The amplitude of the chrominance sig- 
nal. Increased saturation means increased chrominance 
signal level. Visibly, this refers to a color increasing from 
pale or pastel to deep. 

S.E.C.A.M.: Sequential Couleur Avec Memoire. The color 
broadcasting system used predominantly in France which 
utilizes sequential transmission of the color difference sig- 
nals, which are FM modulated on two separate subcarriers 
(1967). 

Setup: The difference in level between the blanking level 
and the reference black level expressed as a percent of the 
reference white level. 

Smear: Smear describes a picture condition where objects 
appear extended in the horizontal direction producing an ill- 
defined, blurry picture. This often occurs when the receiver 
is tuned slightly above the proper pix carrier frequency. 
Sync: Abbreviation for synchronizing or synchronization. 
Sync Level: The level of the synchronizing pulse tips. 
Vertical Blanking: The blanking signal at the end of each 
field starting three lines before the vertical sync pulse. 
Vertical Retrace: The return of the electron beam from the 
bottom of the display to the top after a complete field has 
been scanned. 

V.I.R.S.: Vertical Interval Reference Signal. A quality control 
signal added to a horizontal scan line during the vertical 
blanking period. It is used to provide a chrominance, lumi- 
nance and black level reference. 

V.l.T.S.: Vertical Interval Test Signals. A series of test sig- 
nals that are added to horizontal lines during the vertical 
blanking for in-service testing of the transmission equip- 
ment. They can be deleted or added at various points in the 
transmission link, unlike the VIRS, which is added at pro- 
gram origination and stays with the program material. 
Vestigal Sideband Transmission: A broadcast transmis- 
sion technique wherein only one side band of an amplitude 
modulated carrier is fully transmitted with the other side- 
band (usually lower) truncated. 

Video: The visible portion of the transmitted signal repre- 
senting the picture. 
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AMPLIFIERS 


Bandwidth 

Gain 

Package 

Supply Voltage 

Comments 

LM592 

120 MHz 

100, 400 

14 Pin DIP 

14 PIN SO 

±3V- ±6V 

Differential IN, Differential OUT 

LM733 

120 MHz 

10, 100, 400 

14 Pin DIP 

±3V- ±6V 

Differential IN, Differential OUT 

LM1201 

(Advanced Information) 

100 MHz 

4-10 


+ 12V 

Single Amplifier with 

Black Level and Contrast 

Control 

LM1203 

50 MHz 

4-10 

28 Pin DIP 

+ 12V 

Triple Amplifier System 
with Black Level and 

Contrast Control 




14 Pin DIP 

5V-22V 

Dual Norton Amplifiers 

VIDEO TIMING 


Function 

Package 

Supply Voltage 

Comments 

LM1391 

PLL 

8 Pin DIP 

Internal Shunt Zener 

— 

LM1880 

No-Holds Vert/Horiz 

14 Pin DIP 

Internal Shunt Zener 

— 

LM1881 

Sync Separator 

8 Pin DIP 

8 Pin SO 

5V-15V 

Outputs Provided: 
Composite Sync 
Vertical 

Burst Gate 

Odd/Even Field 

VIDEO MODULATORS/DEMODULATORS 


Function 

Package 

Comments 

LM1496 
(Note 2) 

Balanced Modulator-Demodulator 
(Modulator — Suppressed Carrier, AM 
Demodulator — Synchronous, FM 

Phase Detection) 

14 Pin DIP 

10 PinTO-5 

14 Pin SO 

Operating Frequency to 100 MHz 
Balanced Inputs and Outputs 

LM1889 

Modulates Color Difference, 

Luminance, Audio onto 

Low-VHF Channels 

18 Pin DIP 

DC Channel Switching 

Chroma Reference 

LM2889 

Modulates Composite Video, 

Audio onto Low-VHF Channels 

14 Pin DIP 

DC Channel Switching, 

Low Distortion FM Sound 

Modulator, Video Clamp 

Note 1: Data sheet in Linear 1 . 

Note 2: Data sheet in Linear 3 — Special Functions Chapter 5. 
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Application 

Package 

Comments 

LM1211 

Broadband Demodulator 

20 Pin DIP 

Operating Range 20 MHz-80 MHz 

(Note 3) 



Quasi-Synchronous Detector 

25 MHz Output Amplifier 

LM1823 

Video IF 

28 Pin DIP 

Operating Range 20 MHz-70 MHz 
Synchronous Detector using PLL 

9 MHz Output Amplifier 


OTHER VIDEO PRODUCTS 


| Function 


LM1044 Video Switch 


Package Supply Voltage 


24 Pin DIP 8V-16V 


LM1884 TV Stereo Decoder 16 Pin DIP 9V-15V 

(Note 4) 

LM1 886 TV Video Matrix D to A 20 Pin DIP + 5V, + 1 2V 

Note 3: Data Sheet in Linear 3. 

Note 4: Data Sheet in Linear 3. 


Comments 


• DC Switch between 3 Composite Video 
Channels or 2 RGB Channels 

• 60 dB Channel Separation 


Provides L - R, L + R Outputs 
from Composite Input 

Encodes Luminance and Color Difference 
Signals from 3-Bit RGB Inputs 



SAWF 


4.5 MHz 

TUNER H 

--TV 

^45 MHz 

. VIDEO IF 

* LM1823 

U ^1 


t SOUND IF/DETl 
LM1965 I 


dbx 

6dB 

DECODER 

ATTENUATOR 


DYNAMIC 

NOISE 

REDUCTION 

SYSTEM 

LM1894 

LM832 


SAP DECODER 
LM565 
LMC568 


LM567 I J LM833 

LMC567 I H LM837> 


) TELEMETRY OUTPUT 
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Video Selection Guide 



FIGURE 1. Typical RGB Color Monitor Block Diagram 


Application Notes* Cross Reference 


Device 

AN # 

LM359 

AN-278, AB-24 

LM1823 

AN-391 

LM1886 

AN-402 

LM1889 

AN-402 

LM2889 

AN-391, AN-402 


•National Semiconductor Corporation Linear Application Notes 


TL/XX/0012-2 
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Motion Control Selection Guide 


Dedicated Motor Control Functions 


Part Number 

Function 

Features 

LM621 

Brushless D.C. Motor 

Deadband Timer for Direction Reversal 

40V Max. Operation 

35 m A Outputs for Direct Drive of Bipolar Power Transistors 

LM628 

High Performance Position 

Control for D.C. and Brushless 

D.C. Motors 

On Board 32-Bit Incremental Shaft Encoder Interface 

256 jus Loop Time 

Automatic Trajectory Generator 

Velocity Programmable “On-the-Fly” 

Internal Programmable PID Filter 

Convenient 8-Bit Host Interface 

8-Bit or 1 2-Bit Port to DAC (LM628) 

8-Bit PWM Output (LM629) 

LM622 

P.W.M. Controller for 

Brushless and Brush D.C. Motors 

Flexible Output Structure Drives H-Switches or Commutators 
Precision On-Board Reference 

Flexible Error Amp/Feedback Structure 


H-Switches 


Output Current (Amps) 

Device 

Supply 

Voltage 

(Max) 

Full Current 
Saturation Voltage 

Operating 

Temp. 

Range 

Package 

Description 

Peak 

(Typical) 

Continuous 

(Max) 

Source 

(Max) 

Sink 

(Max) 

4 

2 

LM 18298 

50 

2.8 

2.6 

— 40°C to + 1 50°C 

1 5-Pin TO-220 

Quad y 2 H Switch 

1.5 

1 

LM 18293 

36 

1.8 

1.8 

— 40°C to +125°C 

16-Pin DIP 

Dual Full H Switch 


Power Op-Amps* 


Output Current 
Amps 

Device 

Supply 

Voltage 

(Max) 

Input 

Offset 

Voltage 

(Max) 

Quiescent 

Current 

Slew 

Rate 

(Typical) 

Operating 

Temp. 

Range 

Package 

Features 

Peak 

(Typical) 

Continous 

(Max) 

3 

1.5 

LM675 

60 

10 mV 

50 mA 

8V/jas 

0°C to +70°C 

5-Pin TO-220 

Thermal Parole 

15 

10 

LM12L 

60 

15 mV 

80 mA 

9V/jus 

— 55°C to + 1 25°C 

4-Pin TO-3 

Fully Protected 

15 

10 

LM12CL 

60 

20 mV 

120 mA 

9 V/jLLS 

0°C to + 70°C 

4-Pin TO-3 

Fully Protected 

15 

10 

LM12 

80 

15 mV 

80 mA 

9 V/jaS 

— 55°C to + 125°C 

4-Pin TO-3 

Fully Protected 

15 

10 

LM12C 

80 

20 mV 

120 mA 

9V/JLLS 

0°C to +70°C 

4-Pin TO-3 

Fully Protected 

1 

0.5 

LM 18272 

28 

100 mV 

15 mA (Typ) 

0.5 V/jus 

0°C to +85°C 

8-Pin DIP 

Dual (Bridge) 


*For more information on Power Amps, see the Amplifier section of the Linear Databook. For more High Power Amplifiers, refer to the Audio Amplifier section. 
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nunications-Related Building Blocks 

Modulators & Demodulators Selection Guide 


LM1211 

LM1496 

LM1889 

LM2889 

Typical 

Application 

Broadband 

Demodulator 

Balanced Modulator- 

Demodulator 

TV Video 

Modulator 

TV Video 

Modulator 

Key 

Features 

• Configurable 
for AM or FM 

Based Signals 

• 0 MHz-70 MHz Operating 
Frequency Range 

• 25 MHz Detector 

Output Bandwidth 

• Linear Output 

Phase Response 

• Wide Frequency 
Response to 

100 MHz 

• Fully Balanced 

Inputs and Outputs 

• Adjustable Gain 
and Signal Handling 

• Input Signals 

— Audio Modulation 
— Color Difference 
— Luminance 

• Channel 3 

(61 .25 MHz) or 
Channel 4 
(67.25 MHz) Output 

• Companion Circuit 
to LM1886 TV 

Video Matrix 

D to A 

• Input Signals 
— Audio 

—Composite Video 

• Channel 3 

(61.25 MHz) or 

Channel 4 
(67.25 MHz) Output 

• Video DC 

Restoration 

PLUS Al 

General 
and SCA 
synchror 

sIDTONE DECODERS 

purpose PLL’s and tone decoders are available for applications that include FSK demodulation, tone decoding, SAP 
demodulation, and telemetry reception. Both bipolar and CMOS devices are offered. Special purpose PLL’s for TV 
ization and FM stereo demodulation are also available for use in other low frequency signal processing applications. 

PLL and Tone Decoder Selection Guide 


LM565 

LM567 

LMC567* 
(CMOS LM567) 

LMC568 

LM1391 

LM1800, LM1870, 
LM4500A 

Typical 

Application 

PLL 

Tone 

Decoder 

Tone 

Decoder 

PLL 

TV — Horizontal 

PLL 

FM Stereo 
Demodulator PLL 

Center Frequency 
Range 

15 Hz- 

500 kHz 

0.01 Hz- 

500 kHz 

0.01 Hz- 

500 kHz 

0.01 Hz- 

500 kHz 



VCO Control Range 

±30% 

±7% 

±7% 

±30% 

±300 Hz 


Supply Voltage 

±5V to ± 12V 

4.75V-9V 

2V-9V 

2V-9V 

8V-9.2V 

Lowest: 7V 

Highest: 16V 
(See Datasheets) 

Supply Current (Typ) 

8 mA 

12 mA 

0.8 mA 

1.2 mA 

20 mA 

Lowest: 21 mA 
Highest: 45 mA 
(See Datasheet) 

The CMOS LMC567 oscillator runs at twice the frequency of the bipolar LM567 oscillator. Refer to the datasheets for additional information. 
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POWER LINE CARRIER 

The LM2893/LM1893 Carrier-Current Transceiver performs as a power line interface for half-duplex (bi-directional) communica- 
tion of serial bit streams of virtually any coding. Applications include energy management systems, inter-office control, fire alarm 
systems, security systems, telemetry, and remote meter reading. 

TIMERS 

General purpose timers are available for generating accurate time delays or oscillation. Both bipolar and CMOS devices are 
offered. 


Timer Selection Guide 



Trigger Pulse Relative Can Be Can Be Must Be Must Be Must Be 

to Output Pulse Longer Longer Shorter Shorter Shorter 

Typical Application Monostable Monostable Astable Astable Astable 


Supply Voltage 4.5V-40V 4.5V-40V 4.5V-15V 1.2V-12V 4.5V-15V 



The CMOS LMC555 can handle -10 mA to +50 m A of output current and the bipolar LM555 can handle up to ±200 mA of output current. 

VCO AND FUNCTION GENERATOR 

The LM566 is a general purpose voltage controlled oscillator which may be used to generate square and triangle waves. Typical 
applications include FM modulation, signal generation, function generation, frequency shift keying, and tone generation. The 
LM566 has very linear modulation characteristics. 

Drive-Related Building Blocks 

DISPLAY DRIVERS 

LED flasher/oscillator and dot/bar display drivers are offered. 


Display Driver Selection Guide 



Typical 

Application 

Flasher/ 

Oscillator 

Dot/Bar 

Display Driver 

Dot/Bar 

Display Driver 

Dot/ Bar 

Display Driver 

Display Scale 

N/A 

Linear 

Log 

VU Meter 

Display Type 

LED, 

Incandescent 

LED, LCD, 

Vacuum 

Fluorescent 

LED, LCD, 

Vacuum 

Fluorescent 

LED, LCD, 

Vacuum 

Fluorescent 


METER DRIVERS 

The LM1 81 9 Air-Core Meter Driver is a function generator/driver for air-core (moving-magnet) meter movements in tachometers 
and ruggedized instruments. Driver outputs are self-centering and better than 2% linearity is guaranteed over a full 305° 
deflection range. Signal conditioning circuitry is included on chip. 

TEMPERATURE CONTROLLER 

The LM3911 (Note 1) is a temperature controller containing a precision temperature sensor, op amp, and reference. It is 
designed for temperature sensing and closed loop temperature control applications over the -25°C to +85°C range. 

Note 1: See Linear 2 for datasheet. 
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Precision-Related Building Blocks 

CHOPPER BLOCK 

The LMC669 Auto Zero Block (Note 1) is a universal commutating auto-zero block that can be used with any operational 
amplifier to correct offset voltage. 

Note 1: See Linear 2 for datasheet. 

TRANSISTOR ARRAYS 

A variety of matched and power transistors are offered. 


Transistor Array Selection Guide 



LM394 

LM395 

LM3046 

LM3146 

Description 

NPN Transistor Pair 

Power Transistor 

5 NPN Transistors 

5 NPN Transistors 

Key Features 

• Emitter-Base 

• Collector Current: 1A 

• Emitter-Base 

• Emitter-Base 


Voltage Matched 


Voltage Matched 

Voltage Matched 


to 50 fxV 

• Quiescent Current: 

to ±5 mV 

to ±5 mV 


• Current Gain 

10 mA 

• Breakdown Voltages 

• Breakdown Voltages 


Matched to 2% 


— V (BR)(CBO) : 20V 

— V( B r)(cbO) : 40V 



• Switching Time: 

— V(BR)(CEO) : 15V 

—V(br)(ceO) : 30V 



2 /jus 

— V(BR)(CIO): 20V 

—V(br)(CIO) : 40V 




— V (BR)(EBO) : 5V 

— v (BR)(EBO) : 5V 



• Current Limit 

• DC— 120 MHz 

• DC— 120 MHz 



• Thermal Limit 





• Safe Area 





Protection 




Sensing-Related Building Blocks 

LIQUID LEVEL SENSORS 


A variety of liquid level sensing circuits are offered. 

Liquid Level Sensor Selection Guide 



LM903 

LM1042 

LM1812 

LM1830 

Output 

Type 

Digital HI/LO 

Analog 

Pulse-Echo 

Timing 


Operation 

Method 

Thermoresistive 

Probe 

Thermoresistive 

Probe 

Acoustic 

Transducer 

Conductive 

Liquid 
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SPECIAL AMPLIFIERS 

A variety of special sensor amplifiers are offered. 


Special Amplifiers Selection Guide 



LM1815 

LM1964 

Typical Application 

Adaptive Sense Amplifier 

Sensor Interface Amplifier 

Sensor 

Inductive Pickup 

Lambda Sensor 

Key Features 

• Operates from 

2.5V to 12V Supply 

• Adaptive Hysteresis 

• True Zero Crossing 

Timing Reference 

• Normal Operation Guaranteed 
with Inputs up to 3V Below 

Ground on a Single Supply 

• Fully Protected Inputs 

• Input Open Circuit 

Detection 


SPECIAL COMPARATOR 

The LM1801 Battery Operated Power Comparator is an extremely low power comparator with a high current, open collector 
output stage. Typical applications include intrusion alarms, water leak detectors, gas leak detectors, overvoltage crowbars and 
battery operated monitors. The LM1801 is designed to operate in a standby mode for 1 year, powered by a 9V alkaline battery. 

SPECIAL CONVERTERS 

A variety of special converters for signal transformation applications are offered. 


Special Converters Selection Guide 



LH0091 (Note 1) 

LH0094 (Note 1) 

LM331 (Note 1) 

LM2907, LM2917 

Converter 

Type 

True RMS-to-DC 

Multifunction 

Voltage-to- 

Frequency 

Frequency-to- 

Voltage 

Key 

• 0.1 % Accuracy with 

•° UT = |N y(j^) m , 

0.1 ^ m ^ 10, 

• 1 Hz to 100 kHz 

• Operates Relay, 

Features 

External Trim 

Frequency Range 

Lamp or Other Load 
when Input Exceeds 


• Uncommitted Amplifier 
for Filtering, Gain 

or High Crest 

Factor Configuration 

• True RMS Conversion 

m Continuously 

Adjustable 

• Applications 
— Precision Divider, 

Multiplier 
— Square Root 
—Square 
— Trigonometric 

Function Generator 
— Companding 
— Linearization 
— Control Systems 
—Log Amp 

• Split or Single 
Supply Operation 

a Selected Rate 

• Ground Referenced 
Tachometer Fully 

Protected from Damage 
Due to Swings 

Above Supply or 

Below Ground 


Note 1: See Linear 2 for datasheets. 


ULTRASONIC TRANSCEIVER 

The LM1812 Ultrasonic Transceiver is a general purpose ultrasonic transceiver designed for use in a variety of ranging, sensing, 
and communications applications. Typical uses include liquid level measurement, sonar, surface profiling, data links, hydro- 
acoustic communications, non-contact sensing and industrial process control. Depending on the acoustic transducer, typical 
performance capabilities include 5 feet to 1 00 feet in water and 4 inches to 35 feet in air. 
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Active Filters 
Definition of Terms 


fcLK : the switched capacitor filter external clock frequency. 
f D : center of frequency of the second order function com- 
plex pole pair. f 0 is measured at the bandpass output of 
each y 2 MF10, and it is the frequency of the bandpass peak 
occurrence. 

Q: quality factor of the 2nd order function complex pole pair. 
Q is also measured at the bandpass output of each y 2 MF1 0 
and it is the ratio of f 0 over the — 3 dB bandwidth of the 2nd 
order bandpass filter. The value of Q is not measured at the 
lowpass or highpass outputs of the filter, but its value re- 
lates to the possible amplitude peaking at the above out- 
puts. 

Hqbp-' the gain in (V/V) of the bandpass output at f = f 0 . 
Hqlp- the gain in (V/V) of the lowpass output of each y 2 
MF10 at f 0 Hz. 


Hqhp : the gain in (V/V) of the highpass output of each y 2 
MFIOasf— » fcLK/2. 

Qz: the quality factor of the 2nd order function complex zero 
pair, if any. (Qz is a parameter used when an allpass output 
is sought and unlike Q it cannot be directly measured), 
fz: the center frequency of the 2nd order function complex 
zero pair, if any. If fz is different from f 0 , and if the Qz is 

quite high it can be observed as a notch frequency at the 

allpass output. 

f no tch : the notch frequency observed at the notch output(s) 
of the MF10. 

h 0 n y the notch output gain as f — > 0 Hz. 

H 0 n 2 : the notch output gain as f — > fcLk/2. 
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Active Filter Selection Guide 


Device # 

Type 

Function 

Max 

Order 

Max Freq 
Accuracy 

Freq 

Range 

Typ.Q 

Accuracy 

Max 

FxQ 

MF10 (S, T) 

Universal 

Universal 

4th 

±0.6% 




MF8 (T) 

Bandpass 

Chebyshev 

Butterworth 

4th 

±1.0% 



5 MHz 

MF6 (S, T) 

Lowpass 

Butterworth 

6th 

±1.0 

0.1-20 kHz 

N/A 

N/A 

MF5 (S) 

Universal 

Universal 

2nd 

±1.0% 

0.1 -30 kHz 

±6% 

200 kHz 

MF4 (S) 

Lowpass 

Butterworth 

4th 

±0.6% 


N/A 


*LMF100 

Universal 

Universal 

4th 

±0.6% 




*LMF60 

Lowpass 

Butterworth 

6th 

±0.6% 

40 kHz 

N/A 

N/A 


S Surface Mount Available 
T Extended Temperature Available 
* Advance Information 
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AF100 Universal Active Filter 

General Description 

The AF100 state variable active filter is a general second 
order lumped RC network. Only four external resistors are 
required to program the AF100 for specific second order 
functions. Lowpass, highpass, and bandpass functions are 
available simultaneously at separate outputs. Notch and all- 
pass functions are available by summing the outputs using 
the uncommitted output summing amplifier. Higher order 
systems are realized by cascading AF100 active filters. 

Any of the classical filter configurations, such as Butter- 
worth, Bessel, Cauer, and Chebyshev can be implemented. 


Features 

■ Military or commercial specifications 

■ Independent Q, cutoff frequency 

■ Low sensitivity to external component variation 

■ Separate lowpass, highpass, bandpass outputs 

■ Inputs may be differential, inverting, or non-inverting 

■ Allpass and notch outputs may be formed using the un- 
committed amplifier 

■ Operates to 10 kHz 

■ Q range to 500 

■ Power supply range +5V to ±18V 

■ Frequency accuracy ± 1 % unadjusted 

■ Q frequency product ^ 50,000 



Connection Diagrams 


Ceramic Dual-ln-Line Package 

NO NO BANDPASS AMP AMP 

PIN PIN INTI OUTPUT -V OUTPUT -INPUT GND 



AF100-1CJ, AF100-2CJ 
See NS Package Number HY13A 


Plastic Dual-ln-Line Package 

BANDPASS HIGHPASS 

INTI OUTPUT OUTPUT * * * INPUT INPUT 



-V AMP AMP GND AMP +V INT2 LOWPASS 
+ INPUT - INPUT OUTPUT OUTPUT 

TOP VIEW 

*Note: Internally connected. Do not use. TL/H/5642-2 

AF100-1CN, AF100-2CN 
See NS Package Number N16A 
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AF150 Universal Wideband Active Filter 


General Description 

The AF150 wide band active filter is a general second order 
lumped RC network. Only four external resistors are re- 
quired to program the AF150 for specific second order func- 
tions. Low pass, high pass and band pass functions are 
available simultaneously at separate outputs. Notch and all 
pass functions can be formed by summing the outputs using 
an external amplifier. Higher order filters are realized by cas- 
cading AF150 active filters. 

Any of the classical filter configurations, such as Butter- 
worth, Bessel, Cauer and Chebyshev can be implemented. 


Features 

■ Independent Q cutoff frequency 

■ Low sensitivity to external component variation 

■ Separate low pass, high pass, band pass outputs 

■ Inputs may be differential, inverting or non-inverting 

■ All pass and notch outputs may be formed 

■ Operates to 1 00 kHz 

■ Q range to 500 

■ Power supply range ±5V to ±18V 

■ High accuracy ± 1 % unadjusted 

■ Q frequency product 2X10 5 


Connection Diagram 


Ceramic Dual-ln-Line Package 


BANDPASS 



INPUT INPUT HIGHPASS +V LOWPASS 
OUTPUT OUTPUT 


Order Number AF150-1CJ or AF150-2CJ 
See NS Package HY13A 


*Note: Internally connected. DO NOT USE. 
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Semiconductor 

AF151 Dual Universal Active 

General Description 

The AF151 consists of 2 general purpose state variable ac- 
tive filters in a single package. By using only 4 external re- 
sistors for each section, various second order functions may 
be formed. Low pass, high pass and band pass functions 
are available simultaneously at separate outputs. In addi- 
tion, there are 2 uncommitted operational amplifiers which 
are available for buffering or for forming all pass and notch 
functions. Any of the classical filter configurations, such as 
Butterworth, Bessel, Cauer and Chebyshev can be easily 
formed. 


Filter 

Features 

■ Independent Q, frequency and gain adjustment 

■ Very low sensitivity to external component variation 

■ Separate low pass, high pass and band pass outputs 

■ Operation to 10 kHz 

■ Q range to 500 

■ Wide power supply range— + 5V to ±18V 

■ Accuracy — ±1% 

■ Fourth order function in one package 



Circuit Diagrams (Unlisted pins are not connected.) 



100k 



See NS Package Number HY24A 



TL/H/5644-1 
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ADVANCED INFORMATION 


LMF60 6th Order LMCMOStm Switched 
Capacitor Butterworth Lowpass Filter 


General Description 

The LMF60 is a high-performance precision 6th Order But- 
terworth lowpass active filter. It is fabricated using Nation- 
al’s LMCMOS process, which is an improved silicon-gate 
CMOS process specifically designed for analog products. 
Switched capacitor techniques eliminate external compo- 
nent requirements and allow a clock tunable cutoff frequen- 
cy. The ratio of the clock frequency to the lowpass cutoff 
frequency is internally set to 50 to 1 (LMF60-50) or 100 to 1 
(LMF60-100). A Schmitt trigger clock input stage allows 
two clocking options, either self-clocking (via an external 
resistor and capacitor) for stand-alone applications, or for 
tighter cutoff frequency control, a TTL or CMOS logic com- 
patible clock can be directly applied. The maximally flat 
passband frequency response together with a DC gain of 1 
V/V allows cascading LMF60 sections for higher order filter- 
ing. In addition to the filter, two independent CMOS op amps 
are included on the die and are useful for any general signal 
conditioning applications. 

The LMF60 is pin-compatible with the MF6. 


Features 

■ Low DC offsets (less than 20 mV typical) 

■ Low clock feedthrough (5 mV typical) 

■ Cutoff frequency accuracy of ±0.3% 

■ Cutoff frequency range of 0.1 Hz to 25 kHz 

■ Two uncommitted op amps available 

■ 5V to 14V operation 

■ Cutoff frequency set by external or internal clock 

■ No external components 


Block and Connection Diagrams 


FILTER 



Dual-ln-Line Package 
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LMF90 4th-Order LMCMOStm 
Elliptic Notch Filter 

General Description 

The LMF90 is a fourth-order elliptic notch (band-reject) filter 
based on switched-capacitor techniques. No external com- 
ponents are needed to define the response function. The 
depth and width of the notch are set using two separate 
three-level logic inputs. Three different notch depths and 
three different ratios of notch width to center frequency may 
be programmed by connecting these pins to V + , ground, or 
V”. Another three-level logic pin sets the ratio of clock fre- 
quency to notch frequency. 

An internal crystal oscillator is provided. Used in conjunction 
with a low-cost color TV crystal and the internal logic divid- 
er, a notch filter can be built with center frequency at 50 Hz, 
60 Hz, 100 Hz, 120 Hz, 150 Hz, or 180 Hz. Several LMF90s 
can be operated from a single crystal. An additional input is 
provided for an externally-generated clock signal. 


ADVANCED INFORMATION 


Programmable 


Features 

■ Center frequency set by external clock or on-board 
oscillator 

■ No external components needed to set response 
characteristic 

■ Notch bandwidth, attenuation, and clock-to-center 
frequency ratio independently programmable 

■ Reduced aliasing compared to other switched-capacitor 
filter topologies 

Key Specifications 

■ fo range: 0.1 Hz to 30 kHz 

■ Supply range: 4V to 14V 

■ Passband ripple: 0.25 dB 

■ Attenuation at fo: 30 dB, 40 dB or 50 dB 

■ f CLK : fo ratio: 100:1, 50:1, or 33.33:1 

■ Notch bandwidth: 0.1 fo, 0.2 fo, or 0.4 fo 

■ fo accuracy over full temperature range: ± 1 % 



Typical Application and Connection Diagrams 


60 Hz Notch Filter 
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ADVANCED INFORMATION 


LMF100 Universal Monolithic Dual LMCMOS™ 
Switched Capacitor Filter 


General Description 

The LMF100 consists of two independent general purpose 
high performance switched capacitor filters. With an exter- 
nal clock and 2 to 4 resistors, various second order filtering 
functions can be realized by each filter block. Each block 
has three outputs. One output can be configured to perform 
either an allpass, highpass or a notch function. The other 
two outputs perform bandpass and lowpass functions. The 
center frequency of each filter can be tuned by an external 
clock or by both an external clock and an external resistor 
ratio. Up to a 4th order biquadratic function can be realized 
with a single LMF100. Higher order filters are implemented 
by simply cascading additional packages and all the classi- 
cal filters (such as Butterworth, Bessel, Cauer and Cheby- 
shev) can be realized. 

The LMF100 is fabricated on National Semiconductor’s high 
performance analog silicon gate CMOS process, 


LMCMOS. This allows for the production of a very low off- 
set, high frequency filter building block. 

Features 

■ Wider power supply range: 4V to 14V 

■ Operation up to 1 00 kHz 

■ Low offset voltages (50:1 or 100:1 mode) 

typically Vqsi = ±5 mV 
Vos 2 = ±10 mV 
V 0S 3 = ±15 mV 

■ Low crosstalk 

■ Clock to center frequency ratio accuracy ±0.3% 

■ f 0 X Q up to 1 .8 MHz 

■ Pin-compatible with the MF10 


System Block Diagram 


V„ + V» + N/AP/HP, SI, BP, IP, 



TL/H/9266-1 
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ADVANCED INFORMATION 


LMF120 Mask Programmable LMCMOS™ 
Switched Capacitor Filter 


General Description 

The LMF120 is a mask programmable switched capacitor 
filter capable of realizing up to twelve poles by using six 
independent biquad blocks. The three on-board sample and 
hold circuits and three output buffers allow the user to de- 
fine three independent filtering functions on the same chip. 
Due to close matching of components, a center frequency 
tolerance as low as 0.25% typical is achievable. 

The clock can be supplied externally or by a simple internal 
crystal oscillator. The programmable divider chain allows for 
different input clock frequencies. Special software has been 
developed to aid designers in choosing their capacitor ratios 
and realization of metal mask. Almost any type of filter con- 
figuration can be formed. 


Features 

■ Virtually any filter response (up to 12th order) can be 
realized 

■ No external components 

■ Choice of crystal oscillator or external clock 

■ Three buffer amplifiers 

■ Three sample and hold 

■ Programmable divider chain 

■ Wide range of supply voltage ± 2V to ± 7V 

■ Wide Q range (up to 100) 

■ Wide clock to center/corner frequency range 10:1 to 
500:1 

■ Wide center/corner frequency range: 0.1 Hz to 100 kHz 

Key Specifications 

■ Maximum clock frequency: 1.5 MHz 

■ Center frequency accuracy 1% over full temperature 
range 

■ 16 pin package 


AIMU I AIML4 

Ip [p ED* 



► BIQUAD m OUTPUT 2 


PUT 2 F 2 I— S / H [ -► BIQUAD -► 

PUT3 F3— ►! S/H !-► 

» — — ► BIQUAD 

VccEK ~ZZ 

VsslIK “► BIQUAD "► 

gndR+ 


C^ 1 

[>' 

O* 1 


ITl OUTPUT 2 


m OUTPUT 3 
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MF4 4th Order Switched Capacitor Butterworth 
Lowpass Filter 


General Description 

The MF4 is a versatile, easy to use, precision 4th order 
Butterworth low-pass filter. Switched-capacitor techniques 
eliminate external component requirements and allow a 
clock-tunable cutoff frequency. The ratio of the clock fre- 
quency to the low-pass cutoff frequency is internally set to 
50 to 1 (MF4-50) or 100 to 1 (MF4-100). A Schmitt trigger 
clock input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
alone applications, or for tighter cutoff frequency control an 
external TTL or CMOS logic compatible clock can be ap- 
plied. The maximally flat passband frequency response to- 
gether with a DC gain of 1 V/V allows cascading MF4 sec- 
tions together for higher order filtering. 


Features 

■ Low Cost 

■ Easy to use 

■ 8-pin mini-DIP or 14-pin wide-body S.O. 

■ No external components 

■ 5V to 1 4 V supply voltage 

■ Cutoff frequency range of 0.1 Hz to 20 kHz 

■ Cutoff frequency accuracy of ± 0.3% typical 

■ Cutoff frequency set by external clock 

■ Separate TTL and CMOS/Schmitt-trigger clock inputs 


Block and Connection Diagrams 


Dual-ln-Line Package 




Order Number MF4CN-50 
or MF4CN-100 

See NS Package Number N08E 

Small-Outline 
Wide-Body Package 


CLK IN — 1 
NC- 2 
CLKR — 3 
NC- 4 
L.SH- 5 
NC- 6 
V“ — 7 


— ^ 

1 

J 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


14 -FILTER IN 
13 -NC 
12 — V + 

11 -NC 
10 — AGND 
9 — NC 

8 — FILTER OUT 


Top View 

Order Number MF4CWM-50 
or MF4CWM-100 
See NS Package Number M14B 
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Absolute Maximum Ratings (Notes 1,2) Soldering Information: 

9 • N Package: 1 0 sec. 260°C 

If Military/ Aerospace specified devices are required, . so Package: Vapor Phase (60 sec.) 215”C 

contact the National Semiconductor Sales Office/ infrarpH ms e Pr \ ?pn°r 

Distributors for availability and specifications. c iM „„ „ c " ’ .. . . Th . , 

7 r See AN-450 Surface Mounting Methods and Their Effect 

Supply Voltage (V+-V ) 14V on Product Reliability” for other methods of soldering sur- 

Voltage At Any Pin V+ + 0.2V face mount devices. 

V- - 0.2V 

Input Current at Any Pin (Note 14) 5 mA OpGratilig Ratings (Note 2) 

Package Input Current (Note 14) 20 mA Temperature Range T m j n £ Ta ^ T max 

Power Dissipation (Note 1 5) 500 mW MF4CN-50, MF4CN-100 0°C ^ Ta ^ 70°C 

Storage Temperature 150°C MF4CWM-50, MF4CWM-100 0”C S T A =£ 70’C 

ESD Susceptibility (Note 13) 800 V Supply Voltage (V+-V-) 5Vto14V 

Filter Electrical Characteristics The following specifications apply for fci_K £ 250 kHz (see Note 5) unless 
otherwise specified. Boldface limits apply for Tmin to Tmax? al1 other Ta = Tj = 25°C. 

Parameter 


MF4-50 

MF4-100 

Unit 

Typical 
(Note 10) 

Tested 
Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Typical 
(Note 10) 

Tested 
Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

V+ = +5V,V- = — 5V 

f c , Cutoff Frequency 
Range (Note 3) 

Min 

Max 








D 

Supply Current 

folk = 250 kHz 

2.5 

3.5 

3.5 

2.5 

3.5 

3.5 

mA 

Maximum Clock 

Feedthrough 

(Peak-to-Peak) 

Filter Output 

V in = 0V 

25 



25 



mn 

H 0 , DC Gain 

R source ^ 2 kfl 

0.0 

±0.15 

± 0.15 

0.0 

±0.15 

± 0.15 

dB 

fclk/fc. Clock to Cutoff 

Frequency Ratio 


49.96 

±0.3% 

49.96 

±0.8% 

49.96 

± 0 . 6 % 

99.09 

±0.3% 

99.09 

±1.0% 

99.09 

± 0 . 6 % 


fdk/fc Temperature 

Coefficient 


±15 



±30 



ppm/°C 

Stopband Attenuation (Min) 

at2f c 

-25.0 

-24.0 


-25.0 

-24.0 

- 24.0 

dB 

DC Offset Voltage 


-200 



-400 



mV 

Minimum Output Swing 

R L = 10 kfl 

+ 4.0 

-4.5 

+ 3.5 

-4.0 

+ 3.5 

- 4.0 

+ 4.0 

-4.5 

+ 3.5 
-4.0 

+ 3.5 

- 4.0 

V 

V 

Output Short Circuit 
Current (Note 8) 

Source 

Sink 


50 

1.5 



50 

1.5 



mA 

mA 

Dynamic Range (Note 4) 


80 



82 



dB 

Additional Magnitude 

Response Test Points 

(Note 6) 

f dk = 250 kHz 

f = 6000 Hz 


-7.57 

±0.27 

- 7.57 

± 0.27 




dB 

f = 4500 Hz 







f = 3000 Hz 







dB 

f = 2250 Hz 





-1.39 

±0.1 

- 1.39 

± 0.1 
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Filter Electrical Characteristics The following specifications apply for fci_K ^ 250 kHz ( see Note 5 ) unless 
otherwise specified. Boldface limits apply for T^in to TmaxJ al1 other limits t a = T J = 25°C. (Continued) 






MF4-50 

MF4-100 


Parameter 


Conditions 

Typical 
(Note 10) 

Tested 

Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Typical 
(Note 10) 

Tested 

Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Unit 

V+ = + 2.5V, V 

- = - 

2.5V 









f c Cutoff Frequency 

min 




0.1 



0.1 

Hz 

Range (Note 3) 


max 




10k 



5k 

Supply Current 

f dk = 250 kHz 

1.5 

2.25 


1.5 

2.25 


mA 

Maximum Clock 









B MBM 


Feedthrough 

Filter Output 

> 

o 

II 

c 

> 

15 



15 



mV 

(Peak-to-Peak) 











H 0 , DC Gain 

^source ^ 2 kft 

0.0 

±0.15 

±0.15 

0.0 

±0.15 

±0.15 

dB 

f c ik/f c » Clock to Cutoff 



50.07 

50.07 

50.07 

99.16 

99.16 

99.16 


Frequency Ratio 




±0.3% 

±1.0% 

±0.6% 

±0.3% 

±1.0% 

±0.6% 


fdK/fc Temperature 

Coefficient 


±25 



±60 



ppm/°C 

Stopband Attenuation (Min) 

at2f c 


-24.0 





dB 

DC Offset Voltage 


-150 






mV 

Minimum Output Swing 









V 










m 

V 

Output Short Circuit 

Source 








mA 

Current (Note 8) 


Sink 








mA 

Dynamic Range (Note 4) 


78 



78 



dB 

Additional Magnitude 
Response Test Points 


f dk = 250 kHz 








(Note 6) 





-7.57 

-7.57 




dB 

(f c = 5 kHz) 



f = 6000 Hz 


±0.27 

±0.27 




Magnitude at 



f = 4500 Hz 


-1.46 

-1.46 




dB 






±0.12 

±0.12 




(f c = 2.5 kHz) 



f = 3000 Hz 





-7.21 

-7.21 


Magnitude 








±0.2 

±0.2 

dB 




f = 2250 Hz 





-1.39 

±0.1 

-1.39 

±0.1 


Logic Input-Output Characteristics The following specifications apply for V~ = OV (see Note 7) unless 
otherwise specified. Boldface limits apply for Tmin to Tmax; a|1 other limits Ta = Tj = 25°C. 


Parameter 

Conditions 

Typical 
(Note 10) 

Tested 

Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Unit 

SCHMITT TRIGGER 

V T + , Positive Going Threshold 

Min 

V+ = 10V 

7 0 

6.1 

6.1 

v 

Voltage 

Max 




8.9 



Min 

< 

+ 

II 

cn 

< 

a R 

3.1 

3.1 

\/ 


Max 


o. o 

4.4 

4.4 
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L09IC Input-Output ChdraCtGristiCS The following specifications apply for V - = OV (see Note 7) unless 
otherwise specified. Boldface limits apply for Tmin to t max; all other limits Ta = tj = 25°C. (Continued) 

Parameter 

Conditions 

Typical 
(Note 10) 

Tested 

Limit 
(Note 11) 

Design 
Limit 
(Note 12) 

Unit 

SCHMITT TRIGGER (Continued) 

V T _, Negative Going Threshold 
Voltage 

Min 

Max 

V+ = 10V 

3.0 

1.3 

3.8 

1.3 

3.8 

V 

Min 

Max 

V+ = 5V 

1.5 

0.6 

1.9 

0.6 

1.9 

V 

Hysteresis (V T+ -V T _) 


V+ = 10V 

4.0 

2.3 

7.6 

2.3 

7.6 

V 

Kll|| 

V+ = 5V 


1.2 

3.8 

1.2 

3.8 

V 

Minimum Logical “1” Output Voltage 
(pin 2) 

lo = ~10 jliA 

V+ = 10V 


9.0 

9.0 

V 

V+ = 5V 


4.5 


V 

Maximum Logical “0” Output Voltage 
(pin 2) 

Iq = 10 jaA 

V+ = 10V 


1.0 

1.0 

V 

V+ = 5V 


0.5 

0.5 

V 

Minimum Output Source Current 
(pin 2) 

CLK R Shorted 
to Ground 


6.0 

3.0 

3.0 

mA 

V+ = 5V 

1.5 

0.75 

0.75 


Maximum Output Sink Current 
(pin 2) 

CLK R Shorted 
to V+ 

V+ = 10V 

5.0 

2.5 

2.5 


V+ = 5V 

1.3 

0.65 

0.65 


TTL CLOCK INPUT, CLK R PIN (Note 9) 

Maximum V||_, Logical “0” Input Voltage 


0.8 



V 

Minimum V|h, Logical “1” Input Voltage 





V 

Maximum Leakage Current at CLK R Pin 

L. Sh Pin at Mid-Supply 

2.0 



fiA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. AC and DC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are with respect to GND. 

Note 3: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 4: For +5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 280 juVrms for 
the MF4-50 and 230 juVrms for the MF4-100. For ±2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 
kHz bandwidth is typically 130 jmVrms for both the MF4-50 and the MF4-100. 

Note 5: The specifications for the MF4 have been given for a clock frequency (fcLK) of 250 kHz or less. Above ths clock frequency the cutoff frequency begins to 
deviate from the specified error band of ±0.6% but the filter still maintains its magnitude characteristics. See Application Hints. 

Note 6: Besides checking the cutoff frequency (f c ) and the stopband attenuation at 2 f Cl two additional frequencies are used to check the magnitude response of 
the filter. The magnitudes are referenced to a DC gain of 0.0 dB. 

Note 7: For simplicity all the logic levels have been referenced to V - = 0V (except for the TTL input logic levels). The logic levels will scale accordingly for ±5V 
and ± 2.5V supplies. 

Note 8: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage and then shorting that 
output to the positive supply. These are worst case conditions. 

Note 9: The MF4 is operating with symmetrical split supplies and L. Sh is tied to ground. 

Note 10: Typicals are at 25°C and represent most likely parametric norm. 

Note 11: Guaranteed to National’s Average Outgoing Quality Level (AOOL). 

Note 12: Guaranteed, but not 100% production tested. These limits are not used to determine outgoing quality levels. 

Note 13: Human body model; 100 pF discharged through a 1.5 kO resistor. 

Note 14: When the input voltage (V|n) at any pin exceeds the power supply rails (Vin < V- or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 15: Thermal Resistance 

0ja (Junction to Ambient) N Package 1 05°C/W. 

0ja M Package 95°C/W. 
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Typical Performance Characteristics 


Power Supply Current 


vs Power Supply Voltage 



25 3JD 35 4j0 45 50 55 65 65 75 


POWER SUPPLY VOLTAGE (iV) 


Power Supply Current 



100 500 1000 

CLOCK FREQUENCY (kHz) 


Power Supply Current 



-55 -15 25 85 125 


TEMPERATURE (°C) 


Positive Voltage Swing 
vs Power Supply Voltage 


T A = 250 | 

F CLK = 250 kHz 
r -mm 





Z 




Z 








7 








7 








7 








7 








1 









/ 







Z 










25 30 35 45 45 50 55 60 65 70 


Negative Voltage Swing 
vs Power Supply Voltage 



25 30 35 40 45 55 55 60 65 70 


POWER SUPPLY VOLTAGE (±V) 


POWER SUPPLY VOLTAGE (±V) 


Positive Voltage Swing 
vs Temperature 



Negative Voltage Swing 
vs Temperature 


-450 

-455 

r i 

V S = *5V 








h CLK _z:>UkMZ 

Rload = 





i 

i 

« 

-4.45 










9 

—450 









/ 


-455 
















_ 



_ 




-55 -15 25 85 125 

TEMPERATURE (°C) 


fcLK^c Deviation 
vs Power Supply Voltage 



25 30 35 40 45 50 55 60 65 70 
POWER SUPPLY VOLTAGE (±V) 


fcu</fc Deviation 
vs Power Supply Voltage 



25 30 35 40 45 50 55 60 65 70 
POWER SUPPLY VOLTAGE (±V) 


1 


f CLK/fc Deviation 
vs Clock Frequency 



100 500 1000 


fCLK/fc Deviation 



100 500 1000 


fCLK/fc Deviation 
vs Temperature 


- 

MF4- 1 00 1 1 





K“ 

250 

kHz 


V 


±5. 

ov 


M 





- 










N 

f s= 

±2 









s 











V 

y 










\ 












-55 -15 25 85 125 


CLOCK FREQUENCY (kHz) 


CLOCK FREQUENCY (kHz) 


TEMPERATURE (°C) 

TL/H/5064-9 
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Pin Descriptions 

(Numbers in ( ) are for 14-pin package.) 


1 CLKIN A CMOS Schmitt-trigger input to be used 

(1 ) with an external CMOS logic level clock. 

Also used for self clocking Schmitt-trigger 
oscillator (see section 1 .1 ). 

2 CLKR A TTL logic level clock input when in split 

(3) supply operation ( ± 2.5V to ± 7V) with L. Sh 

tied to system ground. This pin becomes a 
low impedance output when L. Sh is tied to 
V”. Also used in conjunction with the CLK 
IN pin for a self clocking Schmitt-trigger 
oscillator (see section 1.1). The TTL input 
signal must not exceed the supply voltages 
by more than 0.2V. 

3 L. Sh Level shift pin; selects the logic threshold 

(5) levels for the clock. When tied to V - it 

enables an internal tri-state buffer stage 
between the Schmitt trigger and the internal 
clock level shift stage thus enabling the 
CLK IN Schmitt-trigger input and making the 
CLK R pin a low impedance output. When 
the voltage level at this input exceeds 25% 
(V+ — v~) + V - the internal tri-state 
buffer is disabled allowing the CLK R pin to 
become the clock input for the internal 
clock level-shift stage. The CLK R threshold 
level is now 2V above the voltage on the L. 
Sh pin. The CLK R pin will be compatible 
with TTL logic levels when the MF4 is 
operated on split supplies with the L. Sh pin 
connected to system ground. 

5 FILTER The output of the low-pass filter. It will 

(8) OUT typically sink 0.9 mA and source 3 mA and 
swing to within IV of each supply rail. 

6 AGND The analog ground pin. This pin sets the DC 

(1 0) bias level for the filter section and must be 

tied to the system ground for split supply 
operation or to mid-supply for single supply 
operation (see section 1 .2). When tied to 
mid-supply this pin should be well 
bypassed. 

7, 4 V+ , V - The positive and negative supply pins. The 
(7, 1 2) total power supply range is 5V to 1 4V. 

Decoupling these pins with 0.1 juF 
capacitors is highly recommended. 

8 FILTER The input to the low-pass filter. To minimize 


(14) IN gain errors the source impedance that 

drives this input should be less than 2K (see 
section 3). For single supply operation the 
input signal must be biased to mid-supply or 
AC coupled through a capacitor. 

1.0 MF4 Application Hints 

The MF4 is a non-inverting unity gain low-pass fourth-order 
Butterworth switched-capacitor filter. The switched-capaci- 
tor topology makes the cutoff frequency (where the gain 
drops 3.01 dB below the DC gain) a direct ratio (100:1 or 


50:1) of the clock frequency supplied to the filter. Internal 
integrator time constants set the filter’s cutoff frequency. 
The resistive element of these integrators is actually a ca- 
pacitor which is “switched” at the clock frequency (for a 
detailed discussion see Input Impedance Section). Varying 
the clock frequency changes the value of this resistive ele- 
ment and thus the time constant of the integrators. The 
clock-to-cutoff-frequency ratio (fcLK^c) is set by the ratio of 
the input and feedback capacitors in the integrators. The 
higher the clock-to-cutoff-frequency ratio the closer this ap- 
proximation is to the theoretical Butterworth response. The 
MF4 is available in tcLK^c ratios of 50:1 (MF4-50) or 100:1 
(MF4-100). 

1.1 CLOCK INPUTS 

The MF4 has a Schmitt-trigger inverting buffer which can be 
used to construct a simple R/C oscillator. Pin 3 is connect- 
ed to V - which makes Pin 2 a low impedance output. The 
oscillator’s frequency is nominally 


■[«)(£)] 


which, is typically 


for Vqc = 10V. 

Note that fcLK is dependent on the buffer’s threshold levels 
as well as the resistor/capacitor tolerance (see Figure /). 
Schmitt-trigger threshold voltage levels can change signifi- 
cantly causing the R/C oscillator’s frequency to vary greatly 
from part to part. 

Where accurate cutoff frequency is required, an external 
clock can be used to drive the CLK R input of the MF4. This 
input is TTL logic level compatible and also presents a very 
light load to the external clock source (~2 juA). With split 
supplies and the level shift (L. Sh) tied to system ground, 
the logic level is about 2V. (See the Pin Description for L. 
Sh). 

1.2 POWER SUPPLY 

The MF4 can be powered from a single supply or split sup- 
plies. The split supply mode shown in Figure 2 is the most 
flexible and easiest to implement. Supply voltages of ±5V 
to +7V enable the use of TTL or CMOS clock logic levels. 
Figure 3 shows AGND resistor-biased to V+/2 for single 
supply operation. In this mode only CMOS clock logic levels 
can be used, and input signals should be capacitor-coupled 
or biased near mid-supply. 

1.3 INPUT IMPEDANCE 

The MF4 low-pass filter input (FILTER IN) is not a high im- 
pedance buffer input. This input is a switched-capacitor re- 
sistor equivalent, and its effective impedance is inversely 
proportional to the clock frequency. The equivalent circuit of 
the filter’s input can be seen in Figure 4. The input capacitor 
charges to V in during the first half of the clock period; during 
the second half the charge is transferred to the feedback 
capacitor. The total transfer of charge in one clock cycle is 
therefore Q = Cj n Vj n , and since current is defined as the 
flow of charge per unit time, the average input current be- 
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1.0 MF4 Application Hints (Continued) 

(where T equals one clock period) or 

Ijn = ' j ' n = QnVjnfdK 

The equivalent input resistor (Rj n ) then can be expressed as 

r. Vin 1 

m lin CjnfcLK 

The input capacitor is 2 pF for the MF4-50 and 1 pF for the 
MF4-100, so for the MF4-100 

IX 1012 _ i x 1012 _ i x 1010 
"" fCLK ~ f c X 100 ~ f c 
and 


5 X 1Q11 _ 5 X 1 Ql 1 1 X 1Q10 

' n fCLK fc X 50 f c 

for the MF4-50. The above equation shows that for a given 
cutoff frequency (f c ), the input resistance of the MF4-50 is 
the same as that of the MF4-100. The higher the clock-to- 
cutoff-frequency ratio, the greater equivalent input resist- 
ance for a given clock frequency. 

This input resistance will form a voltage divider with the 
source impedance (R S ource)- Since Rj n is inversely propor- 
tional to the cutoff frequency, operation at higher cutoff fre- 
quencies will be more likely to load the input signal which 
would appear as an overall decrease in gain to the output of 
the filter. Since the filter’s ideal gain is unity, the overall gain 
is given by: 


A v — 


Rin + Rsi 


If the MF4-50 or the MF-100 were set up for a cutoff fre- 
quency of 10 kHz the input impedance would be: 


_ 1 X 1Q10 
in ~ 10 kHz 


1 


In this example with a source impedance of 10K the overall 
gain, if the MF4 had an ideal gain of 1 or 0 dB, would be: 

1 Mfl 

A v = r*7~r — - = 0.99009 or -0.086 dB 

v 10ktt + 1Mn 


Since the maximum overall gain error for the MF4 is 
±0.15 dB with R s ^ 2 kfl the actual gain error for this case 
would be +0.06 dB to -0.24 dB. 


1.4 CUTOFF FREQUENCY RANGE 


The filter’s cutoff frequency (f c ) has a lower limit due to 
leakage currents through the internal switches draining the 
charge stored on the capacitors. At lower clock frequencies 
these leakage currents can cause millivolts of error, for ex- 
ample: 


fCLK ~ 100 Hz, heakage — 1 PA, C — 1 pF 
1 pA 


V = ■ 


1 pF (100 Hz) 


■ = 10 mV 


The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors limit 
the filter’s accuracy at high clock frequencies. The ampli- 
tude characteristic on ±5V supplies will typically stay flat 
until fci_K exceeds 750 kHz and then peak at about 0.5 dB 
at the corner frequency with a 1 MHz clock. As supply volt- 
age drops to ± 2.5V, a shift in the fcLK /f c ratio occurs 


which will become noticeable when the clock frequency ex- 
ceeds 250 kHz. The response of the MF4 is still a good 
approximation of the ideal Butterworth low-pass characteris- 
tic shown in Figure 5. 


2.0 Designing With The MF4 

Given any low-pass filter specification, two equations will 
come in handy in trying to determine whether the MF4 will 
do the job. The first equation determines the order of the 
low-pass filter required to meet a given response specifica- 
tion: 

_ log [(IQO-iAmin - 1)/(10°-i A max - 1)] 

2 log (f s /f b ) 

where n is the order of the filter, A m j n is the minimum stop- 
band attenuation (in dB) desired at frequency f s , and A max is 
the passband ripple or attenuation (in dB) at cutoff frequen- 
cy fb. If the result of this equation is greater than 4, more 
than a single MF4 is required. 

The attenuation at any frequency can be found by the fol- 
lowing equation: 

Attn (f) = 10 log [1 + (100.lA m ax - 1) (f/f b ) 2n l dB (3) 
where n = 4 for the MF4. 


2.1 A LOW-PASS DESIGN EXAMPLE 

Suppose the amplitude response specification in Figure 6 is 
given. Can the MF4 be used? The order of the Butterworth 
approximation will have to be determined using (1): 

Apnin = 1 6 dB, App ax = 1 .0 dB, fg = 2 kHz, and f b = 1 kHz 
, log [(101-8 - i)/(i 0 o.i - i)] 

n — — ■— o.yo 

2log(2) 

Since n can only take on integer values, n = 4. Therefore 
the MF4 can be used. In general, if n is 4 or less a single 
MF4 stage can be utilized. 

Likewise, the attenuation at f s can be found using (3) with 
the above values and n = 4: 

Attn (2 kHz) = 10 log [1 + 100-1 - 1) (2 kHz/1 kHz)8] = 
18.28 dB 


This result also meets the design specification given in Fig- 
ure 6 again verifying that a single MF4 section will be ade- 
quate. 


Since the MF4’s cutoff frequency (f c ), which corresponds to 
a gain attenuation of -3.01 dB, was not specified in this 
example, it needs to be calculated. Solving equation 3 
where f = f c as follows: 


[(100-1(3.01 dB) . 
f ° = fb (100-lAmax - 


= 1 kHz 


100.301 _ 1 
100-1 - i 


ll]1/(2n) 

D J 

1 1/8 


= 1.184 kHz 


where f c = fci_l</50 or fcLK^I 00 - To implement this exam- 
ple for the MF4-50 the clock frequency will have to be set to 
fCLK = 50(1.184 kHz) = 59.2 kHz, or for the MF4-100, f CL K 
= 100 (1.184 kHz) = 118.4 kHz. 


2.2 CASCADING MF4s 

When a steeper stopband attenuation rate is required, two 
MF4s can be cascaded {Figure 7) yielding an 8th order 
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2.0 Designing With The MF4 (Continued) 

slope of 48 dB per octave. Because the MF4 is a Butter- 
worth filter and therefore has no ripple in its passband when 
MF4s are cascaded, the resulting filter also has no ripple in 
its passband. Likewise the DC and passband gains will re- 
main at 1V/V. The resulting response is shown in Figure 9. 
In determining whether the cascaded MF4s will yield a filter 
that will meet a particular amplitude response specification, 
as above, equations 3 and 4 can be used, shown below. 

_ log[(10° 05A min - 1)/(10.° ° 5A max - 1)] 

" 2 log (f s /f c ) (2) 

Attn (f) = 10 log [ 1 + (1 0° 05A ma x - 1) <f/f c )2] dB (3) 
where n = 4 (the order of each filter). 

Equation 2 will determine whether the order of the filter is 
adequate (n ^ 4) while equation 3 can determine the actual 
stopband attenuation and cutoff frequency (f c ) necessary to 
obtain the desired frequency response. The design proce- 
dure would be identical to the one shown in section 2.0. 

2.3 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 

The MF4 will respond favorably to an instantaneous change 
in clock frequency. If the control signal in Figure 9 is low the 


MF4-50 has a 100 kHz clock making f c = 2 kHz; when this 
signal goes high the clock frequency changes to 50 kHz 
yielding f c = 1 kHz. As the Figure illustrates, the output 
signal changes quickly and smoothly in response to a sud- 
den change in clock frequency. 

The step response of the MF4 in Figure 10 is dependent on 
f c . The MF4 responds as a classical fourth-order Butter- 
worth low-pass filter. 

2.4 ALIASING CONSIDERATIONS 

Aliasing effects have to be considered when input signal 
frequencies exceed half the sampling rate. For the MF4 this 
equals half the clock frequency (fcLK)- When the input sig- 
nal contains a component at a frequency higher than half 
the clock frequency fci_K /2 . as in Figure 1 la , that compo- 
nent will be “reflected” about fcLK /2 into the frequency 
range below fci_K /2 » as in Figure 1 1b. If this component is 
within the passband of the filter and of large enough ampli- 
tude it can cause problems. Therefore, if frequency compo- 
nents in the input signal exceed fcLK 2 they must be attenu- 
ated before being applied to the MF4 input. The necessary 
amount of attenuation will vary depending on system re- 
quirements. In critical applications the signal components 
above fcLK /2 will have to be attenuated at least to the fil- 
ter’s residual noise level. 





(Vcc = 10 V) 


1 
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FIGURE 2. Split Supply Operation with CMOS Level Clock (a) and TTL Level Clock (b) 



FIGURE 3. Single Supply Operation. ANGD Resistor Biased to V+ /2 


TL/H/5064-14 


FILTER 

INPUT 


o — vw-Ij 



■ AGND 


TL/H/5064-15 



a) Equivalent Circuit for MF4 Filter Input 


b) Actual Circuit for MF4 Filter Input 


FIGURE 4. MF4 Filter Input 







FIGURE 5a. MF4-100 Amplitude 
Response with ± 5V Supplies 


FIGURE 5b. MF4-50 Amplitude 
Response with ±5V Supplies 



FIGURE 5d. MF4-50 Amplitude 
Response with + 2.5V Supplies 


FIGURE 5c. MF4-100 Amplitude 
Response with ±2.5V Supplies 


TL/H/5064-21 



TL/H/5064-22 

FIGURE 6. Design Example Magnitude Response Specification where the Response of 
the Filter Design must fall within the shaded area of the specification 
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7 4 2 


7 4 2 


FIGURE 7. Cascading Two MF4s 
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FIGURE 8a. One MF4-50 
vs Two MF4-50s Cascaded 


0° 

\ 





\ 


V S = ±5V 

l/U-T 







nr 




-400° 





“OuU 


V 



-600° 



1 


-700° 

-800° 






0 12 3 4 

FREQUENCY (kHz) 

FIGURE 8b. Phase Response 
of Two Cascaded MF4-50S 
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TL/H/5064-24 

FIGURE 9. MF4-50 Abrupt Clock Frequency Change 


f iN = 250 Hz f C LK = 100 kHz 

TL/H/5064-19 

FIGURE 10. MF4-50 Input Step Response 





FREQUENCY 

(a) input signal spectrum 


TL/H/5064-16 



FREQUENCY 

TL/H/5064-17 

(b) Output signal spectrum. Note that the input signal at 
f c /2 + f causes an output signal to appear at f c /2 - f. 


FIGURE 11. The phenomenon of aliasing in sampled-data systems. An input signal whose 
frequency is greater than one-half the sampling frequency will cause an output to appear 
at a frequency lower than one-half the sampling frequency. In the MF4, f s = fcLK- 
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National 

Semiconductor 

Corporation 


MF5 Universal Monolithic Switched Capacitor Filter 

General Description Features 

The MF5 consists of an extremely easy to use, general pur- ■ Low cost 

pose CMOS active filter building block and an uncommitted ■ 1 4-pin DIP or 14-pin Surface Mount (SO) wide-body 
op amp. The filter building block, together with an external package 
clock and a few resistors, can produce various second order B £ aS y t 0 use 

functions. The filter building block has 3 output pins. One of B C|0ck t0 center frequency ratio accuracy + 0 . 6 % 

the output pins can be configured to perform highpass, all- R|ter cutoff fre stability dir ectly dependent on 

pass or notch functions and the remaining 2 output pins pxtprn ,, HnPk n ,, alitv 
perform bandpass and lowpass functions. The center fre- , _ . y 

quency of the filter can be directly dependent on the clock ■ Low sensitivity to external component variations 

frequency or it can depend on both clock frequency and u Separate highpass (or notch or allpass), bandpass, low- 

external resistor ratios. The uncommitted op amp can be P ass out P uts 

used for cascading purposes, for obtaining additional all- ■ f 0 xQ range up to 200 kHz 

pass and notch functions, or for various other applications. ■ Operation up to 30 kHz (typical) 

Higher order filter functions can be obtained by cascading ■ Additional uncommitted op-amp 
several MF5s or by using the MF5 in conjuction with the 
MF10 (dual switched capacitor filter building block). The 
MF5 is functionally compatible with the MF10. Any of the 
classical filter configurations (such as Butterworth, Bessel, 

Cauer and Chebyshev) can be formed. 

Block and Connection Diagrams 




V N/AP/HP SI 

n 6 rh rh 



lAj 

KlJ 

AlS— 
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W\ 


LEVEL 

1 NON OVERL 

SHIFT 
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2 
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Order Number MF5CN 
See NS Package Number N14A 

Order Number MF5CWM 
See NS Package Number M14B 


Top View 
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See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V + - V - ) 14V 

Power Dissipation Ta = 25°C (note 1) 500 mW 

Storage Temp. 1 50°C 

Soldering Information: 

N Package: 10 sec. 260°C 

SO Package: Vapor phase (60 sec.) 21 5°C 

Infrared (1 5 sec.) 220°C 


Electrical Characteristics V+ = 5V ± 0.5%, V- = -5V ± 0.5% unless otherwise noted. Boldface limits 
apply over temperature, Tmin ^ t A ^ Tmax- For all other limits Ta = 25°C. 


Input Voltage (any pin) 
Operating Temp. Range 
MF5CN, MF5CWM 


v- <: V in ^ V+ 
Tmin ^ T a ^ Tmax 
0°C <; T a ^ 70°C 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Supply Voltage 
(V+ - V-) 

Min 




8 

V 

Max 



14 

V 

Maximum Supply Current 

Clock applied to Pin 8 

No Input Signal 

4.5 

6.0 


mA 

Clock 

Feedthrough 

Filter Output 


10 



mV 

Op-amp Output 

10 



mV 


Filter Electrical Characteristics v+ = sv± 0.5%, v- = -sv± 0.5% unless otherwise noted. Boldface 

limits apply over temperature, Tmin ^ Ta ^ Tmax- For all other limits Ta = 25°C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Center Frequency 

Range (f 0 ) 

Max 


30 


20 

kHz 

Min 

0.1 


0.2 

Hz 

Clock Frequency 

Range (f C Lk) 

Max 


1.5 


1.0 

MHz 

Min 

5.0 


10 

Hz 

Clock to Center 

Frequency Ratio 
(fci_K/fo) 

Ideal 

Q= 10 
Mode 1 

Vpin9 = +5V 
Fclk = 250 kHz 

50.11 ± 0.2% 

50.11 ± 1.5% 



Vpin9 = -5V 
Fclk=500 kHz 

100.04 ± 0.2% 

100.04 ± 1.5% 



fcLK/fo Temp. 

Coefficient 

Vpin9 — +5V 
(50:1 CLK ratio) 

±10 



ppm/°C 

VpinQ = -5V 
(100:1 CLK ratio) 

±20 



ppm/°C 

Q Accuracy (Max) 

(Note 2) 

Ideal 

Q= 10 
Mode 1 

Vpin9 = +5V 
FclK“ 250 kHz 


±6 


% 

V pin9 = -5V 
F C lk=500 kHz 


±6 


% 

Q Temperature 

Coefficient 

Vpin9 = +5V 
(50:1 CLK ratio) 

-200 



ppm/°C 

V p in9 = -5V 
(100:1 CLK ratio) 

-70 



ppm/°C 

DC Lowpass Gain 

Accuracy (Max) 

Mode 1 

R1 = R2 = 10 kH 


±0.2 


dB 

DC Offset 

Voltage (Max) 

(Note 3) 

Vosi 


±5.0 



mV 

V 0 s2 

Vping = + 5V 
(50:1 CLK ratio) 

-185 



mV 

V 0S 3 

+ 115 



mV 

V 0 s2 

Vpin9 = -5V 
(100:1 CLK ratio) 

-310 



mV 

V 0 s3 

+ 240 



mV 
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Filter Electrical Characteristics v+ = sv± 0.5%, v sv± 0.5% unless otherwise noted. Boldface 

limits apply over temperature, Tmin ^ Ta ^ Tmax- For a " other limits t a = 25°C. (Continued) 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Output 

Swing (Min) 

BP, LP pins 


±4.0 

±3.8 


V 

N/AP/HP pin 

RL = 3.5 ka 

±4.2 

±3.8 


V 

Dynamic Range 
(Note 4) 

Vpin9= +5V 
(50:1 CLK ratio) 

83 



dB 

Vpin9= -5V 
(100:1 CLK ratio) 

80 



dB 

Maximum Output Short Circuit 
Current (Note 5) 

Source 


20 



mA 

Sink 

3.0 



mA 


OP-AMP Electrical Characteristics v+ = +sv ±0.5%, v- = -sv +0.5% unless other noted, bow- 

face limits apply over temperature, Tmin ^ Ta ^ Tmax- For 3,1 other limits t a = 25°C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

Gain Bandwidth Product 


2.5 



MHz 

Output Voltage Swing (Min) 

RL = 3.5 kH 

±4.2 

±3.8 


V 

Slew Rate 


7.0 



V//XS 

DC Open-Loop Gain 


80 



db 

Input Offset Voltage (Max) 


±5.0 

±20 


mV 

Input Bias Current 


10 



pA 

Maximum Output 
Short Circuit 

Source 


20 



mA 

Current (Note 5) 

Sink 


3.0 



mA 


Logic Input Characteristics Boldface limits apply over temperature, Tmin ^ Ta ^ Tmax- 

All other limits Ta = 25°C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

CMOS Clock 
Input 

Min Logical “1” 
Input Voltage 

V+ = +5V.V- = —5 V, 
V L .Sh. =ov 


3.0 


V 

Max Logical “0” 
Input Voltage 


-3.0 


V 

Min Logical “1” 
Input Voltage 

V+ = + 10V, V” = ov, 

VL.Sh. = +5V 


8.0 


V 

Max Logical “0” 
Input Voltage 


2.0 


V 

TTL Clock 

Input 

Min Logical “1” 
Input Voltage 

V+ = +5V,V- = — 5V, 
V L .Sh. = ov 


2.0 


Mm 

Max Logical “0” 
Input Voltage 


0.8 


SB 


Note 1: The typical junction-to-ambient thermal resistance (0ja) of the 14 pin N package is 160°C/W, and 82°C/W for the M package. 

Note 2: The accuracy of the Q value is a function of the center frequency (f 0 ). This is illustrated in the curves under the heading “Typical Performance 
Characteristics". 

Note 3: V os i, V 0S 2 , and V 0S 3 refer to the internal offsets as discussed in the Application Information section 3.4. 

Note 4: For ± 5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 juV rms for 
the MF5 with a 50:1 CLK ratio and 280 jiiV rms for the MF5 with a 100:1 CLK ratio. 

Note 5: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing th9 output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Guaranteed and 100% tested. 

Note 8: Guaranteed, but not 100% tested. These limits are not used to calculate outgoing quality levels. 
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Pin Description 

LP(1 4), BP(1 ), The second order lowpass, bandpass, 

N/AP/HP(2): and notch/allpass/highpass outputs. The 

LP and BP outputs can typically sink 1 mA 
and source 3 mA. The N/AP/HP output 
can typically sink 1 .5 mA and source 3 
mA. Each output typically swings to within 

IV of each supply. 

INV1 (3): The inverting input of the summing op 

amp of the filter. This is a high impedance 
input, but the non-inverting input is 
internally tied to AGND, making INV1 
behave like a summing junction (low 
impedance current input). 

SI (4): SI is a signal input pin used in the allpass 

filter configurations (see modes 4 and 5). 
The pin should be driven with a source 
impedance of less than 1 kft. If SI is not 
driven with a signal it should be tied to 
AGND (mid-supply). 

SA(5): This pin activates a switch that connects 

one of the inputs of the filter’s second 
summer to either AGND (SA tied to V-) 
or to the lowpass (LP) output (SA tied to 

V + ). This offers the flexibility needed for 
configuring the filter in its various modes 
of operation. 

50/100(9): This pin is used to set the internal clock to 

center frequency ratio (fcLK/fo) of the 
filter. By tying the pin to V + an fcLK /f o 
ratio of about 50:1 (typically 50.1 1 ± 
0.2%) is obtained. Tying the 50/100 pin to 
either AGND or V- will setthefcLK^o 
ratio to about 100:1 (typically 100.04 ± 
0 . 2 %). 

AGND(1 1 ): This is the analog ground pin. This pin 

should be connected to the system 
ground for dual supply operation or biased 
to mid-supply for single supply operation. 
For a further discussion of mid-supply 
biasing techniques see the Applications 
Information (Section 3.2). For optimum 
filter performance a “clean” ground must 
be provided. 


Typical Performance Characteristics 


V + (6), V-(10): 


CLK(8): 


L. Sh(7): 


INV2(12): 


Vo2(13): 


These are the positive and negative 
supply pins. The MF5 will operate over a 
total supply range of 8V to 1 4V. 

Decoupling the supply pins with 0.1 julF 
capacitors is highly recommended. 

This is the clock input for the filter. CMOS 
or TTL logic level clocks can be 
accomodated by setting the L. Sh pin to 
the levels described in the L. Sh pin 
description. For optimum filter 
performance a 50% duty cycle clock is 
recommended for clock frequencies 
greater than 200 kHz. This gives each op 
amp the maximum amount of time to 
settle to a new sampled input. 

This pin allows the MF5 to accommodate 
either CMOS or TTL logic level clocks. For 
dual supply operation (i.e., ±5V), a CMOS 
or TTL logic level clock can be accepted if 
the L. Sh pin is tied to mid-supply (AGND), 
which should be the system ground. 

For single supply operation the L. Sh pin 
should be tied to mid-supply (AGND) for a 
CMOS logic level clock. The mid-supply 
bias should be a very low impedance 
node. See Applications Information for 
biasing techniques. For a TTL logic level 
clock the L. Sh pin should be tied to V- 
which should be the system ground. 

This is the inverting input of the 
uncommitted op amp. This is a very high 
impedance input, but the non-inverting 
input is internally tied to AGND, making 
INV2 behave like a summing junction 
(low-impedance current input). 

This is the output of the uncommitted op 
amp. It will typically sink 1 .5 mA and 
source 3.0 mA. It will typically swing to 
within IV of each supply. 




OPAMP Output Voltage 
Swing vs Temperature 


i.o io 
NOMINAL Q 


0.1 


1.0 10 
NOMINAL Q 



TL/H/5066-3 
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Typical Performance 
Characteristics (Continued) 


CO 


Supply Current vs Temperature 



-55 -15 25 85 125 

TEMPERATURE (°C) 


TL/H/5066-4 


1.0 Definitions of Terms 

fCLK : the frequency of the external clock signal applied to 
pin 8. 

f Q : center frequency of the second order function complex 
pole pair. f 0 is measured at the bandpass output of the MF5, 
and is the frequency of maximum bandpass gain. {Figure 1). 
fnotch : the frequency of minimum (ideally zero) gain at the 
notch output. 

f z : the center frequency of the second order complex zero 
pair, if any. If f z is different from f 0 and if Q z is high, it can be 


observed as the frequency of a notch at the allpass output. 
{Figure 10). 

Q: “quality factor” of the 2nd order filter. Q is measured at 
the bandpass output of the MF5 and is equal to f 0 divided by 
the -3dB bandwidth of the 2nd order bandpass filter {Fig- 
ure 1 ). The value of Q determines the shape of the 2nd 
order filter responses as shown in Figure 6. 

Q z : the quality factor of the second order complex zero pair, 
if any. Q z is related to the allpass characteristic, which is 
written: 



where Q z = Q for an all-pass response. 
h OBP : the gain ( in V/V) of the bandpass output at f = f 0 . 
Hqlp'- the gain (in V/V) of the lowpass output as f — ► 0 Hz 
{Figure 2). 

Hqhp : the gain (in V/V) of the highpass output as 
f — ► f dk /2 {Figure 3). 

Hqn : the gain (in V/V) of the notch output as f — > 0 Hz and 
as f — > f C ik/2, when the notch filter has equal gain above 
and below the center frequency {Figure 4). When the low- 
frequency gain differs from the high-frequency gain, as in 
modes 2 and 3a {Figures 11 and 8), the two quantities be- 
low are used in place of Hon- 

Honi : the gain (in V/V) of the notch output as f — ► 0 Hz. 
Hqn2 : the gain (in V/V) of the notch output as f — > f C ||</2. 


> Hobp 

> 0.707 Hobp 
z 

«E 

cs 


f L f 0 f H fL fo fH 

(a) f (LOG SCALE) TL/H/5066-5 (b) I (LOG SCALE) TL/H/5066-6 

FIGURE 1. 2nd-Order Bandpass Response 




(a) f (LOG SCALE) TL/H/5066-7 (b) f (LOG SCALE) TL/H/5066-8 

FIGURE 2. 2nd-Order Low-Pass Response 



Hbp(s) = 


H(?BP s 


s 2 + + Wo 2 


Hlp(s) 


,L = f °(i5 + V (i5) 2+1 ) 

,H - f ° (ik + V (sk) 2 + 1 ) 

o) 0 = 2nf 0 

Hqlp^o 2 


s 2 + + »o 2 


'“V 1 "is 


fo-foA/- 2Q2 
Hqp = Hqlp x 


i /ri-L 

QV 4Q2 



FIGURE 3. 2nd-Order High-Pass Response Q 4 Q 2 
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1.0 Definition of Terms (Continued) 




H N (s) = 


Hqn ( s2 + ft>o 2 ) 

o , Sa) o i o 

S2 + — + w 0 2 

r; io = m 


f (LOG SCALE) f ( L0G SCALE) 

TL/H/5066-1 1 TL/H/5066-12 

(a) (b) 

FIGURE 4. 2nd-Order Notch Response 


fL ~ lo (^ + V(i5) 2 + 1 ) 

,H = , ”(ik + V(ik) 2+1 ) 



FIGURE 5. 2nd-Order All-Pass Response 



0.1 0.5 1 2 5 10 

FREQUENCY (Hz) 


(b) Low-Pass 



FREQUENCY (Hz) 



0.1 0.2 0.5 1.0 2 5 10 


FREQUENCY (Hz) 


(d) Notch 



1.0 0.2 0.5 0.1 2 10 

FREQUENCY (Hz) 


(e) All-Pass 



FREQUENCY (Hz) 


FIGURE 6. Responses of various 2nd-order filters 
as a function of Q. Gains and center frequencies 
are normalized to unity. 


TL/H/5066-1 5 
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2.0 Modes of Operation 

The MF5 is a switched capacitor (sampled data) filter. To 
fully describe its transfer functions, a time domain approach 
is appropriate. Since this is cumbersome, and since the 
MF5 closely approximates continuous filters, the following 
discussion is based on the well known frequency domain. 
Each MF5 can produce a full 2nd order function. See Table 
1 for a summary of the characteristics of the various modes. 
MODE 1: Notch 1, Bandpass, Lowpass Outputs: 

‘notch = ‘o (See Figure 7 ) 
f 0 = center frequency of the complex pole pair 

_ f CLK f CLK 
100 50 

f notch = center frequency of the imaginary zero pair = f 0 . 

. , , R2 


Lowpass gain (as f 


Bandpass gain (at f 


,o) R1 


Hon = Notch output gain as f — ► q 


f — ► fcu</2 


BW R2 

BW = the -3 dB bandwidth of the bandpass output. 
Circuit dynamics: 

Holp = ~ q BP or Hqbp = Hqlp x Q = Hqn x Q- 

HoLP(peak) - Q x Holp (for high Q’s) 

MODE la: Non-Inverting BP, LP (See Figure 8) 

4 _ fCLK fCLK 

fo " ™ or ^ 


h olp = — 1; HoLP(peak) = Q x Hqlp (for high Q’s) 

it _ R3 

h ° BPi - -P2 

H 0 BP 2 = 1 (non-inverting) 

Circuit dynamics: Hqbpi = Q 

Note: Vin should be driven from a low impedance (<1 kfl) 



FIGURE 7. MODE 1 


BP2 w 

R2 (NON INV) J^I 


BPi LP 


Sa 11 




FIGURE 8. MODE la 
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2.0 Modes of Operation (Continued) 

MODE 2: Notch 2, Bandpass, Lowpass: f no tch <f o 
(See Figure 9 ) 
f 0 = center frequency 

fCLK 


_ f CLK / R2 | h nr f CLK \\ 

100 v R4 + 50 Vi 


R2 
R4 ' 


• + 1 


?CLK fCLK 
100 50 


fnotch 

Q = quality factor of the complex pole pair 
= VR2/R4 + 1 
R2/R3 

Hqlp = Lowpass output gain (as f — ► 0) 
R2/R1 
R2/R4 + 1 

Hqbp — Bandpass output gain (at f = f 0 ) = 
h on-| = Notch output gain (as f — > 0) 

R2/R1 
R2/R4 + 1 

Hqn 2 = Notch output gain ^asf 


-R3/R1 


f CLK \ = 
2 ) 


-R2/R1 


Filter dynamics: Hqbp = Q a/Hqlp H 0 N 2 = Q VHqn-j Hqn 2 


MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 10 ) 

f 0 =!£kK X ./5lor^x^/P 

0 100 VR4 50 V R4 

= quality factor of the complex pole pair 


Q 


/R2 R3 
/ R4 X R2 


Hohp = Highpass gain ( asf 
Hobp 

Hqlp = Lowpass gain (as f 


(- - ¥) - 


R2 

R1 


R3 

Bandpass gain (at f = f 0 ) = - — 
R1 

0 ) = - — 
R1 


Circuit dynamics: — — = — Hobp ~ VHohp x Hqlp x Q 
R4 Holp 

HoLP(peak) = Q X Hqlp (for high Q’s) 

HoHP(peak) - Q x Hqhp (for high Q’s) 


R4 



r “II- t 


TL/H/5066-18 



*ln Mode 3, the feedback loop is closed around 
the input summing amplifier; the finite GBW prod- 
uct of this op amp causes a slight Q enhance- 
ment. If this is a problem, connect a small capaci- 
tor (10 pF-100 pF) across R4 to provide some 
phase lead. 


FIGURE 10. MODE 3 
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2.0 Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op amp 
(S ee Figure 11) 

1 0 = *£LK X /H or !CLK x [E 
0 100 VR4 50 v R4 

[R2 R3 
~~ V R4 X R2 

H - R2 

Hqhp ST 


HOBP = 

H - R4 
h °LP - 


notch frequency = 


f CLK fRjh or !CLK [Rh 
100 V R| 50 V R| 


H 0 n = gainof notchatf=f 0 =|Q ^^Holp-^H 0 hp)| 

R 

H n i = gain of notch (as f — > 0) = — 3 x Holp 

R| 

H n 2 = gain of notch ^asf — > j ^ x Hqhp 


MODE 4: Allpass, Bandpass, Lowpass Outputs (See 
Figure 12) 

f 0 = center frequency 

= f CLK f CLK. 

100 50 ’ 

fz= center frequency of the complex zero pair =f 0 

Q =^- = 55; 

BW R2 

R3 

Q z = quality factor of complex zero pair = — 
For AP output make R1 = R2 
H*oap= Allpass gain ^atO < f < ~ = -1 

Holp = Lowpass gain (as f — ► 0) 

~GH— 

Hobp = Bandpass gain (at f = f 0 ) 

R3 / R2\ _ „/R3\ 

R2 V 1 + R1/ 2 \R2/ 

Circuit dynamics: Hqbp = (Holp) xQ = (Hoap + 1) Q 

*Due to the sampled data nature of the filter, a slight mismatch of f z and f 0 
occurs causing a 0.4 dB peaking around f 0 of the allpass filter amplitude 
response (which theoretically should be a straight line). If this is unaccept- 
able, Mode 5 is recommended. 


BP LP 


2 4 *±- 1 14 




Sa 11 


R| Rg 


FIGURE 11. MODE 3a 



FIGURE 12. MODE 4 
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2.0 Modes of Operation (Continued) 

MODE 5: Numerator Complex Zeros, BP, LP 
{See Figure 13) 

f = /i + — X ^ or /i + 55 x !clk 
fo V R4 X 100 °W + R4 X 50 

f z - Jl -51x^or-/l 
z V R4 100 v R4 50 

Q = Vi + R2/R4 X — 

R2 


VI - R1/R4 X - 


Hq 71 = gain at C.Z. output (as f — > 0 Hz)=- 


h 0 Z 2 = 9 ain at C- z - output ^asf 
,, ( R2 \ R3 

H ° B P =-(=^ +1 )><Si 
,, /R2 + R1\ R4 

0LP \R2 + R4/ X R1 


-R2 (R4-R1) 
R1 (R4 + R2) 


<\ = -R2 
) R1 


MODE 6a: Single Pole, HP, LP Filter (See Figure 14 ) 
f c = cutoff frequency of LP or HP output 

_ R2 f CLK R2 f CLK 
R3 100 R3 50 

U _ R3 

h °lp - -Ri 

u - R2 

h ° H p - 


MODE 6b: Single Pole LP Filter (Inverting and Non- 
Inverting) (See Figure 15) 
f c = cutoff frequency of LP outputs 

a R2fCLK R2fCLK 

R3 100 R3 50 


HolPi = 1 (non-inverting) 

U _ R3 

Holp 2 - - ™ 


BP LP 


i z -p 

1 

J| k A hv 

K. 



u \ 


5 0 

■=■ R3 



Sa 11 

ns n 


Sa 11 

ris n 


FIGURE 13. MODE 5 

HP SI 

“-9 9i 




FIGURE 14. MODE 6a 

LPi 

R2 (NON INV) Vin 

~-9 9 




FIGURE 15. MODE 6b 
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2.0 Modes of Operation (Continued) 

TABLE I. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. Unless otherwise noted, 
gains of various filter outputs are inverting and adjustable by resistor ratios. 


Mode 

BP 

LP 

HP 

N 

AP 

Number of 
resistors 

Adjustable 

fCLK/ f o 

Notes 

1 

* 

* 


* 


3 

No 


la 

(2) 

HoBPI = -Q 
H0BP2 = +1 

H OLP=+1 




CM 

No 


2 

* 

* 


* 


3 

Yes (above 
fCLK/50 or 
fcLK/100) 


3 

* 

* 

* 



4 

Yes 

Universal State- 

Variable Filter. Best 
general-purpose mode. 

3a 

* 

* 

* 

* 


7 

Yes 

As above, but also 
includes resistor- 
tuneable notch. 

4 

* 




* 

3 

No 

Gives Allpass res- 
ponse with Hoap= ”1 
and Holp= — 2. 

5 

* 

* 



* 

4 


Gives flatter allpass 
response than above 
if Ri = R 2 = 0.02R 4 . 

6a 


* 

* 



3 


Single pole. 

6b 


(2) 

HoLP= +1 
u _-R3 

HoLPZ R2~ 




2 


Single pole 


3.0 Applications Information 

The MF5 is a general-purpose second-order state variable 
filter whose center frequency is proportional to the frequen- 
cy of the square wave applied to the clock input (fcLk)* By 
connecting pin 9 to the appropriate DC voltage, the filter 
center frequency f 0 can be made equal to either fcLK /10 ° 
or fci_K /50 - f o can be very accurately set (within ±0.6%) by 
using a crystal clock oscillator, or can be easily varied over 
a wide frequency range by adjusting the clock frequency. If 
desired, the fcLK /f o ratio can be altered by external resis- 
tors as in Figures 9, 10, 1 1, 13, 14, and 15. The filter Q and 
gain are determined by external resistors. 

All of the five second-order filter types can be built using the 
MF5. These are illustrated in Figures 1 through 5 along with 
their transfer functions and some related equations. Figure 
6 shows the effect of Q on the shapes of these curves. 
When filter orders greater than two are desired, two or more 
MF5s can be cascaded. The MF5 also includes an uncom- 
mitted CMOS operational amplifier for additional signal pro- 
cessing applications. 

3.1 DESIGN EXAMPLE 

An example will help illustrate the MF5 design procedure. 
For the example, we will design a 2nd order Butterworth 
low-pass filter with a cutoff frequency of 200 Hz, and a pass- 
band gain of -2. The circuit will operate from a ±5V power 
supply, and the clock amplitude will be ±5v (CMOS) levels). 


From the specifications, the filter parameters are: 
f o =200 Hz, Holp = — 2, and, for Butterworth response, 
Q = 0.707. 

In section 2.0 are several modes of operation for the MF5, 
each having different characteristics. Some allow adjust- 
ment of fcLK/fo. others produce different combinations of 
filter types, some are inverting while others are non-invert- 
ing, etc. These characteristics are summarized in Table I. To 
keep the example simple, we will use mode 1 , which has 
notch, bandpass, and lowpass outputs, and inverts the sig- 
nal polarity. Three external resistors determine the filter’s Q 
and gain. From the equations accompanying Figure 7, 
Q = R 3 /R 2 and the passband gain Hqlp = ~R2 /F h- Since 
the input signal is driving a summing junction through R-j, 
the input impedance will be equal to R-|. Start by choosing a 
value for R-|. 10k is convenient and gives a reasonable input 
impedance. For Hqlp = -2, we have: 

R 2 = -RiHolp = 10k X 2 = 20k. 

For Q = 0.707 we have: 

R 3 = R 2 Q = 20k X 0.707 = 14.14k. Use 15k. 

For operation on ±5V supplies, V+ is connected to +5V, 
V~ to — 5V, and AGND to ground. The power supplies 
should be “clean” (regulated supplies are preferred) and 
0.1 juF bypass capacitors are recommended. 
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3.0 Applications Information (Continued) 


\ ► R 


V+=10V 


f n v+ 

JT~ 



T U 2 

> r — c TYPICAL VALUES: 

T 1 

I LM2931AZ-5.0 

b-CK=" 

< “T” 2k<Rs100k 

_L _L 4.7 /iF^Cs470 jiF 

l 

^ 100 uF 

TL/H/5066-27 



TL/H/5066-28 


(a) Resistive Divider with ( b ) voltage Regulator 

Decoupling Capaciter 


v+ 



with Divider 


V+ 

FIGURE 18. Three Ways of Generating — for Single-supply Operation 


For a cutoff frequency of 200 Hz, the external clock can be 
either 10 kHz with pin 9 connected to V+ (50:1) or 20 kHz 
with pin 9 tied to Aqnd or V - (100:1). The voltage on the 
Logic Level Shift pin (7) determines the logic threshold for 
the clock input. The threshold is approximately 2V higher 
than the voltage applied to pin 7. Therefore, when pin 7 is 
grounded, the clock logic threshold will be 2 V, making it 
compatible with 0-5 volt TTL logic levels and ±5 volt 
CMOS levels. Pin 7 should be connected to a clean, low-im- 
pedance (less than 1 00011) voltage source. 

The complete circuit of the design example is shown for a 
100:1 clock ratio in Figure 16. 

3.2 SINGLE SUPPLY OPERATION 

The MF5 can also operate with a single-ended power sup- 
ply. Figure 17 shows the example filter with a single-ended 
power supply. V+ is again connected to the positive power 
supply (8 to 14 volts), and V~ is connected to ground. The 
Aqnd P' n must be tied to V+/2 for single supply operation. 
This half-supply point should be very “clean”, as any noise 
appearing on it will be treated as an input to the filter. It can 
be derived from the supply voltage with a pair of resistors 
and a bypass capacitor {Figure 18a), or a low-impedance 
half-supply voltage can be made using a three-terminal volt- 
age regulator or an operational amplifier {Figures 18b and 
18c). The passive resistor divider with a bypass capacitor is 
sufficient for many applications, provided that the time con- 
stant is long enough to reject any power supply noise. It is 
also important that the half-supply reference present a low 
impedance to the clock frequency, so at very low clock fre- 
quencies the regulator or op-amp approaches may be pref- 
erable because they will require smaller capacitors to filter 
the clock frequency. The main power supply voltage should 
be clean (preferably regulated) and bypassed with 0.1 juF. 

3.3 DYNAMIC CONSIDERATIONS 

The maximum signal handling capability of the MF5, like 
that of any active filter, is limited by the power supply volt- 
ages used. The amplifiers in the MF5 are able to swing to 
within about 1 volt of the supplies, so the input signals must 
be kept small enough that none of the outputs will exceed 


these limits. If the MF5 is operating on ±5 volts, for exam- 
ple, the outputs will clip at about 8V p . p . The maximum input 
voltage multiplied by the filter gain should therefore be less 
than 8V p .p. 

Note that if the filter has high Q, the gain at the lowpass or 
highpass outputs will be much greater than the nominal filter 
gain {Figure 6). As an example, a lowpass filter with a Q of 
1 0 will have a 20 dB peak in its amplitude response at f 0 . If 
the nominal gain of the filter Hqlp is equal to 1 , the gain at 
f 0 will be 10. The maximum input signal at f 0 must therefore 
be less than 800 mV p _ p when the circuit is operated on ± 5 
volt supplies. 

Also note that one output can have a reasonable small volt- 
age on it while another is saturated. This is most likely for a 
circuit such as the notch in Mode 1 {Figure 7). The notch 
output will be very small at f 0 , so it might appear safe to 
apply a large signal to the input. However, the bandpass will 
have its maximum gain at f 0 and can clip if overdriven. If one 
output clips, the performance at the other outputs will be 
degraded, so avoid overdriving any filter section, even ones 
whose outputs are not being directly used. Accompanying 
Figures 7 through 15 are equations labeled “circuit dynam- 
ics”, which relate the Q and the gains at the various outputs. 
These should be consulted to determine peak circuit gains 
and maximum allowable signals for a given application. 

3.4 OFFSET VOLTAGE 

The MF5’s switched capacitor integrators have a higher 
equivalent input offset voltage than would be found in a 
typical continuous-time active filter integrator. Figure 19 
shows an equivalent circuit of the MF5 from which the out- 
put dc offsets can be calculated. Typical values for these 
offsets are: 

V os i = opamp offset = ±5mV 

V 0S 2 = -185mV @ 50:1 -310mV @ 100:1 

V 0 s3= +115mV @ 50:1 +240mV@ 100:1 

The dc offset at the BP output is equal to the input offset of 
the lowpass integrator (V 0S 3 ). The offsets at the other out- 
puts depend on the mode of operation and the resistor ra- 
tios, as described in the following expressions. 
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3.0 Applications Information (Continued) 

Mode 1 and Mode 4 

VOS(N) = V OS1 Qj + 1 + | H ° lp |) ~ ~^cP 

v OS(BP) = v OS3 

v OS(LP) = VoS(N) “ VoS2 

Mode la 

Vos(N.INV.BP) = (1 + 5) Vosi - 

Vos(INV.BP) = V 0S 3 

Vqs(LP) = Vos(N.INV.BP) - V 0S 2 




FIGURE 19. Block Diagram Showing MF5 
Offset Voltage Sources 


TL/H/5066-30 


5V SUPPLY 



FIGURE 20. Method for Trimming Vqs 5 
See Text, Section 3.4 


- 3 ! 
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3.0 Applications Information (Continued) 

For most applications, the outputs are AC coupled and DC 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower ac signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change f 0 and Q. When operating in Mode 3, offsets can 
become excessively large if R2 and R4 are used to make 
fci_K/fo significantly higher than the nominal value, especial- 
ly if Q is also high. An extreme example is a bandpass filter 
having unity gain, a Q of 20, and fcLK /f o = 250 with P in 9 
tied to V~ (100:1 nominal). R4/R2 will therefore be equal to 
6.25 and the offset voltage at the lowpass output will be 
about + 1 .9V. Where necessary, the offset voltage can be 
adjusted by using the circuit of Figure 20. This allows adjust- 
ment of V os1 , which will have varying effects on the different 
outputs as described in the above equations. Some outputs 
cannot be adjusted this way in some modes, however 
(Vos(BP) in modes la and 3, for example). 

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS 

The MF5 is a sampled data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The MF5’s sampling frequency is the 
same as its clock frequency). If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is f s /2 + 100 Hz will 
cause the system to respond as though the input frequency 
was f s /2 - 100 Hz. This phenomenon is known as “alias- 


ing”, and can be reduced or eliminated by limiting the input 
signal spectrum to less than f s /2. This may in some cases 
require the use of a bandwidth-limiting filter ahead of the 
MF5 to limit the input spectrum. However, since the clock 
frequency is much higher than the center frequency, this will 
often not be necessary. 

Another characteristic of sampled-data circuits is that the 
output signal changes amplitude once every sampling peri- 
od, resulting in “steps” in the output voltage which occur at 
the clock rate. (Figure 21) If necessary, these can be 
“smoothed” with a simple R-C low-pass filter at the MF5 
output. 

The ratio of fcLK to f c (normally either 50:1 or 100:1) will 
also affect performance. A ratio of 100:1 will reduce any 
aliasing problems and is usually recommended for wide- 
band input signals. In noise sensitive applications, however, 
a ratio of 50:1 may be better as it will result in 3 dB lower 
output noise. The 50:1 ratio also results in lower DC offset 
voltages, as discussed in 3.4. 

The accuracy of the iciK^o ratio is dependent on the value 
of Q. This is illustrated in the curves under the heading 
“Typical Performance Characteristics”. As Q is changed, 
the true value of the ratio changes as well. Unless the Q is 
low, the error in fcLK^o will be small. If the error is too large 
for a specific application, use a mode that allows adjustment 
of the ratio with external resistors. 

It should also be noted that the product of Q and f 0 should 
be limited to 300 kHz when f 0 < 5 kHz, and to 200 kHz for 
f 0 > 5 kHz. 
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MF6 6th Order Switched Capacitor 
Butterworth Lowpass Filter 


General Description 

The MF6 is a versatile easy to use, precision 6th order But- 
terworth lowpass active filter. Switched capacitor tech- 
niques eliminate external component requirements and al- 
low a clock tunable cutoff frequency. The ratio of the clock 
frequency to the lowpass cutoff frequency is internally set to 
50 to 1 (MF6-50) or 100 to 1 (MF6-100). A Schmitt trigger 
clock input stage allows two clocking options, either self- 
clocking (via an external resistor and capacitor) for stand- 
alone applications, or an external TTL or CMOS logic com- 
patible clock can be used for tighter cutoff frequency con- 
trol. The maximally flat passband frequency response to- 
gether with a DC gain of 1 V/V allows cascading MF6 sec- 
tions for higher order filtering. In addition to the filter, two 
independent CMOS op amps are included on the die and 
are useful for any general signal conditioning applications. 


Features 

■ No external components 

■ 14-pin DIP or 14-pin wide-body S.O. package 

■ Cutoff frequency accuracy of ±0.3% typical 

■ Cutoff frequency range of 0.1 Hz to 20 kHz 

■ Two uncommitted op amps available 

■ 5V to 1 4V total supply voltage 

■ Cutoff frequency set by external or internal clock 


Block and Connection Diagrams 


FILTER 



All Packages 



Order Number MF6CWM-50 
or MF6CWM-100 
See NS Package Number M14B 


Order Number MF6CN-50 
or MF6CN-100 

See NS Package Number N14A 

Order Number MF6CJ-50 
or MF6CJ-100 

See NS Package Number J14A 
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Absolute Maximum Ratings (Note id 






If Military/ Aerospace specified devices are required, See AN-450 “Surface Mounting Methods and Their Effect 

contact the National Semiconductor 

Sales Office/ on Product Reliability” (Appendix D) for other methods of 

Distributors for availability and specifications. 

soldering surface mount devices. 



Supply Voltage 


14V 






Voltage at Any Pin 

v- - o.2v, v+ + o.2v Operating Ratings (Noteii) 



Input Current at Any Pin (Note 13) 

5 mA Temperature Range 

T M IN ^ T a ^ T MA x 

Package Input Current (Note 13) 

20 mA MF6CN-50, MF6CN-100 

0°C ^ T A ^ +70°C 

Power Dissipation (Note 14) 


500 mW MF6CWM-50, MF6CWM-100 0°C <; T A <: + 70°C 

Storage Temperature 

- 

65°C to + 150°C 

MF6CJ-50, MF6CJ-100 

— 40°C <; Ta £ +85°c 

ESD Susceptibility (Note 1 2) 


800 v Supply Voltage (V s = V + 

/-) 

5 V to 1 4 V | 

Soldering Information 









N Package (10 sec.) 


260°C 






J Package (10 sec.) 


300°C 






SO Package 









Vapor Phase (60 sec.) 


215°C 






Infrared (15 sec.) 


220°C 






Filter Electricdl CherdCteriStiCS The following specifications apply for fcLK ^ 250 kHz (see Note 3) unless 

otherwise specified. Boldface limits apply for Tm\n to Tmax; al1 other limits T A = ' 

Fj = 25°C. 






MF6CWM-50, MF6CWM-100, 

MF6CJ-50, MF6CJ-100 




MF6CN-50, MF6CN-100 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 



(Note 8) 

(Note 9) 

(Note 10) 

(Note 8) 

(Note 9) 

(Note 10) 


V+ = +5V,V- = — 5V 

f c , Cutoff MF6-50 Min 




0.1 



0.1 


Frequency Max 




20k 



20k 

Hz 

Range MF6-100 Min 




0.1 



0.1 

(Notel) Max 




10k 



10k 


Total Supply Current 

f C LK = 250 kHz 

4.0 

6.0 

8.5 

4.0 

8.5 


mA 

Maximum Clock Filter Output 


30 



30 



mV 

Feedthrough Op Amp 1 Out 


25 



25 



(peak-to- 

Op Amp 2 Out 


20 



20 



peak) 

H 0 , 

^source 

0.0 

+ 0.30 

±0.30 

0.0 

±0.30 


dB 

DC Gain 

<; 2ka 








fCLK/fc. MF6-50 


49.27 ±0.3% 

49.27 ± 1 % 

49.27 ±1% 

49.27 ±0.3% 

49.27 ±1% 



Clock to Cutoff MF6-100 

Frequency Ratio 


98.97 ±0.3% 

98.97 ± 1 % 

98.97 ±1% 

98.97 ±0.3% 

98.97 ±1% 



DC MF6-50 


-200 



-200 



mV 

Offset Voltage MF6-100 


-400 



-400 



Minimum Output 

R L =10ka 

+ 4.0 

+ 3.5 

+ 3.5 

+ 4.0 

+ 3.5 



Voltage Swing 


-4.1 

-3.8 

-3.5 

-4.1 

-3.5 


9 

Maximum Output 

Source 

Short Circuit , 


50 

60 

80 

50 

80 



_ Sink 


1.5 

2.0 

3.0 

1.5 

3.0 


Current (Note 6) 





Dynamic Range MF6-50 


83 



83 



dB 

(Note 2) MF6-100 


81 



81 



Additional MF6-50 

f C LK = 250 kHz 








Magnitude 

f = 6000 Hz 

-9.47 

-9.47 ±0.5 

-9.47 ±0.65 

-9.47 

-9.47 ±0.65 


dB 

Response Test 

f = 4500 Hz 

-0.92 

— 0.92±0.2 

-0.92 ±0.3 

-0.92 

-0.92 ±0.3 


Points (Note 4) MF6 . 100 

f C LK=250 kHz 
f=3000 Hz 

-9.48 

— 9.48±0.5 

-9.48 ±0.65 

-9.48 

-9.48 ±0.65 


dB 


f = 2250 Hz 

-0.97 

— 0.97±0.2 

-0.97 ±0.3 

-0.97 

-0.97 ±0.3 


1 
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Filter Electricel ChdrdCteriStiCS (Continued) The following specifications apply for fci_K ^ 250 kHz (see 

Note 3) unless otherwise specified. Boldface limits apply for Tmin to Tmax* all other limits Ta = Tj = 25°C. 





MF6CWM-50, MF6CWM-100 
MF6CN-50, MF6CN-100 

MF6CJ-50, MF6CJ-100 


Parameter 


Conditions 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 

Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Units 

V+ = +5V,V~ = - 

5V (Continued) 








Attenuation Rate 

MF6-50 

f C LK=250 kHz 
fl =6000 Hz 
f 2 = 8000 Hz 


-36 

-36 


-36 


dB/ 

octave 


MF6-100 

fCLK = 250 kHz 
fl=3000 Hz 
f 2 = 4000 Hz 


-36 

-36 


-36 


dB/ 

octave 

V+ = +2.5V,V- = 

-2.5 V 









f c , Cutoff MF6-50 

Min 




0.1 



0.1 


Frequency 

Max 




10k 



10k 

Hz 

Range MF6-10C 

Min 




0.1 



0.1 

(Note 1) 

Max 




5k 



5k 


Total Supply Current 

f CL K = 250 kHz 

2.5 

4.0 

4.0 

2.5 

4.0 


mA 

Maximum Clock Filter Output 


20 



20 



mV 

Feedthrough Op Amp 1 Out 


15 



15 



(peak-to- 

Op Amp 2 Out 


10 



10 



peak) 

H 0 , DC Gain 

^source ^2 kfl 

0.0 

±0.30 

±0.30 

0.0 

±0.30 


dB 

fcLK/fc. Clock to 
Cutoff Frequency 

MF6-50 


49.45 ±0.3% 

49.45 ± 1 % 

49.45 ±2.5% 

49.45 ±0.3% 

49.45 ±2.5% 



Ratio 

MF6-100 


99.35 + 0.3% 

99.35±1% 

99.35 ±1.25% 

CD 

CO 

CD 

Ul 

1+ 

o 

CD 

99.35 ±1.25% 



DC 

MF6-50 


-200 



-200 



mV 

Offset Voltage 

MF6-100 


-400 



-400 



Minimum Output 


R L =10kn 

+ 1.5 

+ 1.0 

+ 1.0 

+ 1.5 

+ 1.0 


V 

Voltage Swing 



-2.2 

-1.7 

-1.5 

-2.2 

-1.5 


Maximum Output 
Short Circuit 

Current (Note 6) 

Source 

Sink 


28 

0.5 

40 

1.0 

50 

1.5 

28 

0.5 

50 

1.5 


mA 

Dynamic Range (Note 2) 


77 



77 



dB 

Additional 

MF6-50 

fcLK = 250 kHz 








Magnitude 


f = 6000 Hz 

-9.54 

-9.54 ±0.5 

-9.54 ±0.65 

-9.54 

-9.54 ±0.65 


dB 

Response Test 


f = 4500 Hz 

-0.96 

-0.96 ±0.2 

-0.96 ±0.3 

-0.96 

-0.96 ±0.3 



Points (Note 4) 

MF6-100 

f C LK = 250 kHz 
f = 3000 Hz 

-9.67 

-9.67 ±0.5 

-9.67 ±0.65 

-9.67 

-9.67 ±0.65 


dB 



f = 2250 Hz 

-1.01 

-1.01 ±0.2 

-1.01 ±0.3 

-1.01 

-1.01 ±0.3 



Attenuation 

MF6-50 

fCLK~ 250 kHz 







dB/ 

octave 

Rate 


f-( = 6000 Hz 
f 2 = 8000 Hz 


-36 

-36 


-36 



MF6-100 

f C LK = 250 kHz 
f-j =3000 Hz 
f 2 = 4000 Hz 


-36 

-36 


-36 


dB/ 

octave 
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Op Amp Electrical Characteristics 


Boldface limits apply for Tmin to TmaxJ all other limits Ta = Tj = 25°C. 




MF6CN-50, MF6CN-100, 
MF6CWM-50, MF6CWM-100 

MF6CJ-50, MF6CJ-100 


Parameter 

Conditions 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Units 


V+ = +5V,V" = — 5V 





DC Open Loop Gain 


72 


Gain Bandwidth Product 


1.2 





V+ = + 2.5V, V~ = -2.5V 


Input Offset Voltage 


±8.0 

Input Bias Current 


10 


±20 ±20 ±8.0 ±20 mV 


CMRR (Op-Amp #2 Only) 


Vcmi = +0.5V, 
VCM2 = -0.9V 




Output Voltage Swing 


Maximum Output Short 
Circuit Current (Note 6) 



Rl 

Source 

Sink 



= io kn 

+ 1.5 

mrm 


-2.2 

Bg 


24 



1.0 




6.0 


V/jms 


67 



Slew Rate 

DC Open Loop Gain 
Gain Bandwidth Product 


1.2 


60 


6.0 

67 

1.2 

















































Logic Input-Output Electrical Characteristics The following specifications apply for v- = ov 

(see Note 5) unless otherwise specified. Boldface limits apply for Tmin to TmaxI all other limits Ta = Tj = 25°C. 

Parameter 

Conditions 

MF6CN-50, MF6CN-100 
MF6CWM-50, MF6CWM-100 

MF6CJ-50, MF6CJ-100 

Units 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

TTL CLOCK INPUT, CLK R PIN (Note 7) | 

Maximum V|l, Logical “0” 

Input Voltage 



0.8 

0.8 


0.8 


V 

Minimum V|h, Logical “1” 

Input Voltage 



2.0 

2.0 


2.0 


V 

Maximum Leakage Current 
at CLK R Pin 

L Sh Pin at 

Mid- Supply 


2.0 

2.0 


2.0 


jliA 

SCHMITT TRIGGER | 

Vj+, Positive Going 
Threshold Voltage 

Min 

Max 

V+ = 10V 

7.0 

6.1 

8.9 

6.1 

8.9 

7.0 

6.1 

8.9 


V 

Min 

Max 

V+ = 5V 

3.5 

3.1 

4.4 

3.1 

4.4 

3.5 

3.1 

4.4 


V 

Vj_ , Negative Going 
Threshold Voltage 

Min 

Max 

V+ = 10V 

3.0 

1.3 

3.8 

1.3 

3.8 

3.0 

1.3 

3.8 


V 

Min 

Max 

V+ = 5V 

1.5 

0.6 

1.9 

0.6 

1.9 

1.5 

0.6 

1.9 


V 

Hysteresis (Vj+ - Vj-) 

Min 

Max 

V+ = 10V 

4.0 

2.3 

7.6 

2.3 

7.6 

4.0 

2.3 

7.6 


V 

Min 

Max 

V+ = 5V 

2.0 

1.2 

3.8 

1.2 

3.8 

2.0 

1.2 

3.8 


V 

Minimum Logical “1” Output 
Voltage (Pin 11) 

Iq — 10/aA 

v+ = 10V 
v+ = 5V 


9.0 

4.5 

9.0 

4.5 


9.0 

4.5 


V 

Maximum Logical “0” Output 
Voltage (Pin 11) 

l 0 = 10jaA 

V+ = 10V 
V+ = 5V 


1.0 

0.5 

1.0 

0.5 


1.0 

0.5 


V 

Minimum Output Source 

Current (Pin 11) 

CLK R Tied 
to Ground 

< < 

+ + 

II II 

CJi -*■ 

6.0 

1.5 

3.0 

0.75 

3.0 

0.75 

6.0 

1.5 

3.0 

0.75 


mA 

Maximum Output Sink 

Current (Pin 11) 

CLK R Tied 
to V+ 

v+ - 10V 
v+ = 5V 

5.0 

1.3 

2.5 

0.65 

2.5 

0.65 

5.0 

1.3 

2.5 

0.65 


mA 

Note 1: The cutoff frequency of the filter is defined as the frequency where the magnitude response is 3.01 dB less than the DC gain of the filter. 

Note 2: For ±5V supplies the dynamic range is referenced to 2.82 Vrms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 juVrms for 
the MF6-50 and 250 /xVrms for the MF6-100. For ±2.5V supplies the dynamic range is referenced to 1.06 Vrms (1.5V peak) where the wideband noise over a 20 
kHz bandwidth is typically 140 juVrms for both the MF6-50 and the MF6-100. 

Note 3: The specifications for the MF6 have been given for a clock frequency (fcLK) of 250 kHz and less. Above this clock frequency the cutoff frequency begins to 
deviate from the specified error band of ±1.0% but the filter still maintains its magnitude characteristics. See Application Hints, Section 1.5. 

Note 4: Besides checking the cutoff frequency (f c ) and the stopband attenuation at 2 f c , two additional frequencies are used to check the magnitude response of 
the filter. The magnitudes are referenced to a DC gain of 0.0 dB. 

Note 5: For simplicity all the logic levels have been referenced to V - = 0V and will scale accordingly for ±5V and ±2.5V supplies (except for the TTL input logic 
levels). 

Note 6: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst-case conditions. 

Note 7: The MF6 is operating with symmetrical split supplies and L.Sh is tied to ground. 

Note 8: Typicals are at 25°C and represent most likely parametric norm. 

Note 9: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level. 

Note 10: Design limits are guaranteed, but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its specified conditions. 

Note 12: Human body model, 100 pF discharged through a 1.5k Cl resistor. 

Note 13: When the input voltage (Vin) at any pin exceeds the power supply rails (V|n < V - or Vin > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 14: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja. and the ambient temperature, Ta- The 
maximum allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. 

For this device, Tjmax - 125°C, and the typical junction-to-ambient thermal resistance of the MF6CN when board mounted is 67°C/W. For the MF6CJ this number 
decreases to 62°C/W. For MF6CWM, 0 JA = 78°C/W. 
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Typical Performance Characteristics 


Schmitt T rigger Threshold Voltage Crosstalk from Filter 

to Op-Amps (MF6-100) 




V+ POWER SUPPLY VOLTAGE (V) 


DO IK ia 
FREQUENCY (Hz) 


Crosstalk from Either Op-Amp 
to Filter Output (MF6-50) 



Crosstalk from Filter 
to Op-Amps (MF6-50) 



10 100 IK 10K 100K 

FREQUENCY (Hz) 


Crosstalk from Either Op-Amp 
to Filter Output (MF6-100) 



Equivalent Input Noise 



FREQUENCY (Hz) 

TL/H/5065-9 
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Typical Performance Characteristics (Continued) 


fcLK^c Deviation 
vs Clock Frequency 



100 200 300 400 500 600 700 800 900 1000 


fcLK /f c Deviation 
vs Temperature 



-55-35-15 5 25 45 65 85 105 125 



o 


s 

s 


Q- . 


fcLK/^c Deviation 
vs Power Supply Voltage 



5 6 7 8 9 10 11 12 13 


CLOCK FREQUENCY (kHZ) 


TEMPERATURE (°C) 


POWER SUPPLY VOLTAGE (V) 


foLK^fc Deviation 



100 200 300 400 500 600 700 800 900 1000 


feLK/fc Deviation 



-55 -35-15 5 25 45 65 85 105 125 


CLOCK FREQUENCY (kHZ) 


TEMPERATURE (°C) 


DC Gain Deviation 
vs Temperature 


DC Gain Deviation 
vs Power Supply Voltage 



-55-35-15 5 25 45 65 85 105 125 


5 6 7 8 9 10 11 12 13 


feLK/fc Deviation 
vs Power Supply Voltage 
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POWER SUPPLY VOLTAGE (V) 

TL/H/5065-36 


DC Gain Deviation 
vs Clock Frequency 
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TEMPERATURE (°C) 


POWER SUPPLY VOLTAGE (V) 


CLOCK FREQUENCY (kHZ) 


DC Gain Deviation 
vs Temperature 



DC Gain Deviation 
vs Power Supply Voltage 


2 
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DC Gain Deviation 
vs Clock Frequency 
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Crosstalk Test Circuits 

From Filter to Opamps 



TL/H/5065-10 

From Either Opamp to Filter Output 


R 




CLK | 
»— (250 kHz 


TL/H/5065-1 1 


Pin Descriptions (Pin Numbers) 


Pin 

Description 

Pin 

Description 

FILTER OUT (3) 

The output of the lowpass filter. 

V 0 2 (2), 

V 02 is the output, INV2 is the 


It will typically sink 0.9 mA and 

INV2 (14), 

inverting input, and NINV2 is the 


source 3 mA and swing to within 

IV of each supply rail. 

NINV2 (1) 

non-inverting input of Op-Amp 
#2. 

FILTER IN (8) 

The input to the lowpass filter. 

To minimize gain errors the 
source impedance that drives 
this input should be less than 2k 
(see section 1 .4). For single 
supply operation the input signal 

V+(6), V-(10) 

The positive and negative 
supply pins. The total power 
supply range is 5V to 14V. 
Decoupling these pins with 

0.1 juF capacitors is highly 
recommended. 


must be biased to mid-supply or 

AC coupled. 

CLK IN (9) 

A CMOS Schmitt-trigger input to 
be used with an external CMOS 

V 0S ADJ (7) 

This pin is used to adjust the DC 
offset of the filter output; if not 
used it must be tied to the 


logic level clock. Also used for 
self-clocking Schmitt-trigger 
oscillator (see section 1.1). 


AGND potential. (See section 

1.3) 

CLK R (11) 

A TTL logic level clock input 
when in split supply operation 

AGND (5) 

The analog ground pin. This pin 
sets the DC bias level for the 
filter section and the non- 
inverting input of Op-Amp # 1 
and must be tied to the system 
ground for split supply operation 
or to mid-supply for single 
supply operation (see section 


( ± 2.5V to ± 7V) and L. Sh tied 
to system ground. This pin 
becomes a low impedance 
output when L. Sh is tied to V - . 
Also used in conjunction with 
the CLK IN pin for a self 
clocking Schmitt-trigger 
oscillator (see section 1.1). 


1 .2). When tied to mid-supply 
this pin should be well 
bypassed. 

L. Sh (12) 

Level shift pin, selects the logic 
threshold levels for the desired 
clock. When tied to V - it 

V 0 i (4), 

Vqi is the output and INV1 is 


enables an internal tri-state 

INV1 (13) 

the inverting input of Op-Amp 
#1. The non-inverting input of 
this Op-Amp is internally 
connected to the AGND pin. 


buffer stage between the 

Schmitt trigger and the internal 
clock level shift stage thus 
enabling the CLK IN Schmitt- 
trigger input and making the 

CLK R pin a low impedance 
output. 



1-49 


MF6 




MF6 


Pin Descriptions (Pin Numbers) (Continued) 

Pin Description 

L. Sh (cont.) When the voltage level at this 

input exceeds [25 %(V+ - V~) 

+ V~] the internal tri-state 
buffer is disabled allowing the 
CLK R pin to become the clock 
input for the internal clock level 
shift stage. The CLK R 
threshold level is now 2 V above 
the voltage applied to the L. Sh 
pin. Driving the CLK R pin with 
TTL logic levels can be 
accomplished through the use 
of split supplies and by tying the 
L. Sh pin to system ground. 

1.0 MF6 Application Hints 

The MF6 is comprised of a non-inverting unity gain lowpass 
sixth order Butterworth switched capacitor filter section and 
two undedicated CMOS Op-Amps. The switched capacitor 
topology makes the cutoff frequency (where the gain drops 


3.01 dB below the DC gain) a direct ratio (100:1 or 50:1) of 
the clock frequency supplied to the lowpass filter. Internal 
integrator time constants set the filter’s cutoff frequency. 
The resistive element of these integrators is actually a ca- 
pacitor which is “switched” at the clock frequency (for a 
detailed discussion see Input Impedance Section). Varying 
the clock frequency changes the value of this resistive ele- 
ment and thus the time constant of the integrators. The 
clock to cutoff frequency ratio (fcLK^y is set by the ratio of 
the input and feedback capacitors in the integrators. The 
higher the clock to cutoff frequency ratio (or the sampling 
rate) the closer this approximation is to the theoretical But- 
terworth response. The MF6 is available in fcLK /f c ratios of 
50:1 (MF6-50) or 100:1 (MF6-100). 

1.1 CLOCK INPUTS 

The MF6 has a Schmitt-trigger inverting buffer which can be 
used to construct a simple R/C oscillator. The oscillator’s 
frequency is dependent on the buffer’s threshold levels as 
well as on the resistor/capacitor tolerance (see Figure 1). 



i 


f CLK = 

RCInl . 

Vv C c - 

Typically for Vcc = V+ - V~ : 
1 


rf VcC-VT- \ VT+ ' 
[Wee- Vt + /Vt-. 


fCLK = 


1.69 RC 


N.INV2 

V 02 “I 

FILTER OUT -| 

VoiJ 

AGND 


+5.0V 

O-i 


O.I^fO 


V 0S ADJ 


T37- 


[ INV2 

INV1 

L.Sh 


CLKR 

V" 


CLK IN 


FILTER 

'in 


-O -5.0V 


-<jul! 5V 


5V 


0.1 /iF 


N.INV2H 

V 0 2-l 

FILTER OUT -I 

VoiJ 

AGND 


+5.0V 

0-1 


o.i^FO 


V 0S ADJ 


T37" 


[ INV2 

INV1 

L.Sh 


CLKR 


CLK IN 

FILTER 

IN 


< JlTLov 

O -5.0V 


0.1 /iF 


TL/H/5065-3 

FIGURE 2. Dual Supply Operation 
MF6 Driven with CMOS Logic Level Clock 
(V m ^ 0.8 V C c and V IL ^ 0.2 V C c where V C c = V+ - V~) 


TL/H/5065-4 

FIGURE 3. Dual Supply Operation 
MF6 Driven with TTL Logic Level Clock 
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Application Hints (Continued) 


24 kfl. 5kfl 22 kXI 

V- O—A/'/S/ V+ 


P FILTER IN Qv 0S ADJ P ^j ER 


6TH ORDER 
BUTTERWORTH 
FILTER 


MF6 


(a) 


TL/H/5065-16 



FIGURE 5. Vqs Adjust Schemes 


TL/H/5065-17 


Schmitt-trigger threshold voltage levels can change signifi- 
cantly causing the R/C oscillator’s frequency to vary greatly 
from part to part. 

Where accuracy in f c is required an external clock can be 
used to drive the CLK R input of the MF6. This input is TTL 
logic level compatible and also presents a very light load to 
the external clock source (~2 /xA) with split supplies and 
L. Sh tied to system ground. The logic level is programmed 
by the voltage applied to level shift (L. Sh) pin (See the Pin 
description for L. Sh pin). 

1.2 POWER SUPPLY BIASING 

The MF6 can be biased from a single supply or dual split 
supplies. The split supply mode shown in Figures 2 and 3 is 
the most flexible and easiest to implement. As discussed 
earlier split supplies, ±5V to ±7V, will enable the use of 
TTL or CMOS clock logic levels. Figure 4 shows two 
schemes for single supply biasing. In this mode only CMOS 
clock logic levels can be used. 

1.3 OFFSET ADJUST 

The VosADJ pin is used in adjusting the output offset level 
of the filter section. If this pin is not used it must be tied to 
the analog ground (AGND) level, either mid-supply for single 
ended supply operation or ground for split supply operation. 
This pin sets the zero reference for the output of the filter. 
The implementation of this pin can be seen in Figure 5. In 
5(a), DC offset is adjusted using a potentiometer; in 5(b), the 
Op-Amp integrator circuit keeps the average DC output lev- 
el at AGND. The circuit in 5(b) is therefore appropriate only 
for AC-coupled signals and signals biased at AGND. 

1.4 INPUT IMPEDANCE 

The MF6 lowpass filter input (FILTER IN pin) is not a high 
impedance buffer input. This input is a switched capacitor 
resistor equivalent, and its effective impedance is inversely 
proportional to the clock frequency. The equivalent circuit of 
the input to the filter can be seen in Figure 6. The input 
capacitor charges to the input voltage (Vj n ) during one half 
of the clock period, during the second half the charge is 



TL/H/5065-18 

a) Equivalent Circuit for MF6 Filter Input 


NON-OVERLAPPING 

CLOCKS 



FIGURE 6. MF6 Filter Input 


transferred to the feedback capacitor. The total transfer of 
charge in one clock cycle is therefore Q = Cj n Vj n , and since 
current is defined as the flow of charge per unit time the 
average input current becomes 

l in = Q/T 

(where T equals one clock period) or 

lin = = CinVmfcLK 

The equivalent input resistor (Rj n ) then can be defined as 


Rin “ Vj n /lj n — 


1 

QnfCLK 


The input capacitor is 2 pF for the MF6-50 and 1 pF for the 
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Application Hints (Continued) 

MF6-100, so for the MF6-100 


1 X 1Q12 _ 1 X 1Q12 __ 1 X 1Q10 

fCLK "fcX100“ f c 


_ 5 X 1011 5 x 1011 i X 1010 

in_ fCLK “ f C X50 ~ f c 
for the MF6-50. As shown in the above equations for a given 
cutoff frequency (f c ) the input impedance remains the same 
for the MF6-50 and the MF6-100. The higher the clock to 
center frequency ratio, the greater equivalent input resist- 
ance for a given clock frequency. As the cutoff frequency 
increases the equivalent input impedance decreases. This 
input resistance will fcim a voltage divider with the source 
impedance (Rsource)- Since R, n is inversely proportiona! to 
the cutoff frequency, operation at higher cutoff frequencies 
will be more likely to load the input signal which would ap- 
pear as an overall decrease in gain to the output of the filter. 
Since the filter’s ideal gain is unity its overall gain is given 
by: 


Av — : 


^in *1" Rsource 

If the MF6-50 or the MF6-100 were set up for a cutoff fre- 
quency of 10 kHz the input impedance would be: 


= 1 x 1Q10 
10 kHz 


1 MH 


In this example with a source impedance of 10k the overall 
gain, if the MF6 had an ideal gain of 1 or 0 dB, would be: 


A v — 


1 MSI 

10 kn + 1 Mfi 


0.99009 or -86.4 mdB 


Since the maximum overall gain error for the MF6 is 
±0.3 dB with a R s ^ 2 kfl the actual gain error for this case 
would be +0.21 dB to -0.39 dB. 

1.5 CUTOFF FREQUENCY RANGE 

The filter’s cutoff frequency (f c ) has a lower limit caused by 
leakage currents through the internal switches discharging 
the stored charge on the capacitors. At lower clock frequen- 
cies these leakage currents can cause millivolts of error, for 
example: 


f C LK = 100 Hz, leakage = 1 pA, C = 1 pF 


v = 1PA 

1 pF (100 Hz) 


= 10 mV 


The propagation delay in the logic and the settling time re- 
quired to acquire a new voltage level on the capacitors in- 
creases as the MF6 power supply voltage decreases. This 
causes a shift in the fcLK^c ratio which will become notice- 
able when the clock frequency exceeds 250 kHz. The ampli- 
tude characteristic will stay within tolerance until fQ|_K ex- 
ceeds 500 kHz and will peak at about 0.5 dB at the corner 
frequency with a 1 MHz clock. The response of the MF6 is 
still a reasonable approximation of the ideal Butterworth 
lowpass characteristic as can be seen in Figure 7. 


2.0 Designing with the MF6 

Given any lowpass filter specification two equations will 
come in handy in trying to determine whether the MF6 will 
do the job. The first equation determines the order of the 
lowpass filter required: 

_ log (10 0 - 1 A min- 1) - log (10°- 1A max-i) 

n_ 2 log (f s /f b ) (1} 



TL/H/5065-20 


FIGURE 7a. MF6-100 ± 5V Supplies 
Amplitude Response 



TL/H/5065-22 

FIGURE 7c. MF6-100 ± 2.5V Supplies 
Amplitude Response 



FREQUENCY (Hz) 

TL/H/5065-21 

FIGURE 7b. MF6-50 ±5V Supplies 
Amplitude Response 



TL/H/5065-23 

FIGURE 7d. MF6-50 ±2.5V Supplies 
Amplitude Response 
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Designing with the MF6 (Continued) 

where n is the order of the filter, A m j n is the minimum stop- 
band attenuation (in dB) desired at frequency f s , and A max is 
the passband ripple or attenuation (in dB) at frequency ft,. If 
the result of this equation is greater than 6, then more than 
a single MF6 is required. 

The attenuation at any frequency can be found by the fol- 
lowing equation: 

Attn(f) = 10 log [1 + (10 aiA "iax_i) (f/f b )2n] dB (2) 
where n = 6 (the order of the filter). 

2.1 A LOWPASS DESIGN EXAMPLE 
Suppose the amplitude response specification in Figure 8 is 
given. Can the MF6 be used? The order of the Butterworth 
approximation will have to be determined using eq. 1 : 

A m jn = 50 dB, Amax = 1 -0 dB, fg = 2 kHz, and f b ~ 1 kHz 

log (103- 1)— |og(100.1 - 1) _ 

n — — — = o.9b 

2 log(2) 

Since n can only take on integer values, n = 6. Therefore 
the MF6 can be used. In general, if n is 6 or less a single 
MF6 stage can be utilized. 

Likewise, the attenuation at f s can be found using equation 
2 with the above values and n = 6 giving: 

Atten (2 kHz) = 10 log [ 1 + (100.1 - 1) (2 kHz/1 kHz)l2] 
= 30.26 dB 

This result also meets the design specification given in Fig- 
ure 8 again verifying that a single MF6 section will be ade- 
quate. 



FREQUENCY (Hz) 

TL/H/5065-24 

FIGURE 8. Design Example Magnitude Response 
Specification Where the Response of the Filter Design 
Must Fall Within the Shaded Area of the Specification 

Since the MF6’s cutoff frequency f c , which corresponds to a 
gain attenuation of -3.01 dB, was not specified in this ex- 
ample it needs to be calculated. Solving equation 2 where f 
= f c as follows: 


: = fb 


(100.1(3.01 dB) _ 1)11/ (2n) 
(10 a1 A max - i) J 

1Q0.301 - 1 11/12 


1kHz L loo.i 
1.119 kHz 


1 J 


where f c = fci_K /50 or fcLK/100- 


To implement this example for the MF6-50 the clock fre- 
quency will have to be set to fci_K = 50(1.1 16 kHz) = 55.8 
kHz or for the MF6-100 f C i_K = 100(1.116 kHz) = 111.6 
kHz. 

2.2 CASCADING MF6s 

In the case where a steeper stopband attenuation rate is 
required two MF6’s can be cascaded [Figure 9) yielding a 
1 2th order slope of 72 dB per octave. Because the MF6 is a 
Butterworth filter and therefore has no ripple in its pass- 
band, when MF6s are cascaded the resulting filter also has 
no ripple in its passband. Likewise the DC and passband 
gains will remain at 1V/V. The resulting response is shown 
in Figure 10. 

In determining whether the cascaded MF6s will yield a filter 
that will meet a particular amplitude response specification, 
as above, equations 3 and 4 can be used, shown below. 

log (10 0 05 A min_ i) _ | 0 g (io 0 05 A max-i) 

" 2 log (f s /f b ) (3) 

Attn(f) = 10 log [ 1 + (10 oo5A max_i) (f/f b )2n] dB (4) 
where n = 6 (the order of each filter). 

Equation 3 will determine whether the order of the filter is 
adequate (n ^ 6) while equation 4 can determine if the 
required stopband attenuation is met and what actual cutoff 
frequency (f c ) is required to obtain the particular frequency 
response desired. The design procedure would be identical 
to the one shown in section 2.1. 

2.3 IMPLEMENTING A “NOTCH” FILTER WITH THE MF6 

A “notch” filter with 60 dB of attenuation can be obtained by 
using one of the Op-Amps, available in the MF6, and three 
external resistors. The circuit and amplitude response are 
shown in Figure 1 1. 

The frequency where the “notch” will occur is equal to the 
frequency at which the output signal of the MF6 will have 
the same magnitude but be 180 degrees out of phase with 
its input signal. For a sixth order Butterworth filter 180° 
phase shift occurs where f = f n = 0.742 f c . The attenuation 
at this frequency is 0.12 dB which must be compensated for 
by making Ri = 1.014 x R2. 

Since Ri does not equal R2 there will be a gain inequality 
above and below the notch frequency. At frequencies below 
the notch frequency (f < < f n ), the signal through the filter 
has a gain of one and is non-inverting. Summing this with 
the input signal through the Op-Amp yields an overall gain 
of two or + 6 dB. For f > > f n , the signal at the output of the 
filter is greatly attenuated thus only the input signal will ap- 
pear at the output of the Op-Amp. With R 3 = Ri = 1.014 
R2 the overall gain is 0.986 or -0.12 dB at frequencies 
above the notch. 
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Designing with the MF6 (Continued) 




10 50 100 500 IK 


FREQUENCY (Hz) 

TL/H/5065-29 

FIGURE 11b. MF6-50 “Notch” Filter Amplitude Response 


TL/H/5065-28 
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Designing with the MF6 (Continued) 

2.4 CHANGING CLOCK FREQUENCY 
INSTANTANEOUSLY 

The MF6 will respond favorably to a sudden change in clock 
frequency. Distortion in the output signal occurs at the tran- 
sition of the clock frequency and lasts approximately three 
cutoff frequency (f c ) cycles. As shown in Figure 12, if the 
control signal is low the MF6-50 has a 100 kHz clock mak- 
ing f c = 2 kHz; when this signal goes high the clock fre- 
quency changes to 50 kHz yielding 1 kHz f c . 

The transient response of the MF6 seen in Figure 13 is also 
dependent on the f c and thus the fcLK applied to the filter. 
The MF6 responds as a classical sixth order Butterworth 
lowpass filter. 



TL/H/5065-30 

flN = 1.5 kHz (scope time base = 2 ms/div) 

FIGURE 12. MF6-50 Abrupt Clock Frequency Change 
2.5 ALIASING CONSIDERATIONS 

Aliasing effects have to be taken into consideration when 
input signal frequencies exceed half the sampling rate. For 
the MF6 this equals half the clock frequency (fcLk)- When 




TL/H/5065-31 

FIGURE 13. MF6-50 Step Input Response, Vertical = 

2 V/div., Horizontal = 1 ms/div., fcLK = 100 kHz 

the input signal contains a component at a frequency higher 
than half the clock frequency, as in Figure 14a, that compo- 
nent will be “reflected” about fci_K /2 into the frequency 
range below fcLK /2 as in Figure 14b. If this component is 
within the passband of the filter and of large enough ampli- 
tude it can cause problems. Therefore if frequency compo- 
nents in the input signal exceed fcLK /2 they must be attenu- 
ated before being applied to the MF6 input. The necessary 
amount of attenuation will vary depending on system re- 
quirements. In critical applications the signal components 
above fcLK^ 2 will have to be attenuated at least to the fil- 
ter’s residual noise level. An example circuit is shown in 
Figure 15 using one of the uncommitted Op-Amps available 
in the MF6. 



FREQUENCY 

TL/H/5065-38 

(b) Output Signal Spectrum. Note that the input signal at 
f s /2 + f causes an output signal to appear at f s /2 - f. 


FREQUENCY 


(a) Input Signal Spectrum 


Figure 14. The phenomenon of aliasing in sampled-data systems. An input signal whose frequency is greater than one- 
half the sampling frequency will cause an output to appear at a frequency lower than one-half the sampling frequency. 

In the MF6, f s = fcLK' 
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Designing with the MF6 (Continued) 



TL/H/5065-34 


f ° 2WR1R2C1C2 

Ho = R 4 /R 3 (Hq = 1 when R 3 and R 4 are omitted and V 02 is directly tied to INV2). 
Design Procedure: 
pick Ci 


1 


R? = 

2QCi&>o 

for a 2nd Order Butterworth Q = 
0.113 
= C^o 


R 2 = 


make R-| = R 2 
and 


° 2 (27rf 0 Ri)2C 1 

Note: The parallel combination of R 4 (if used), Ri and R 2 should be £ 10 kft in order not to load Op-Amp #2. 

FIGURE 15. Second Order Butterworth Anti-Aliasing Filter Using Uncommitted Op-Amp #2 
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MF8 4th-Order Switched Capacitor Bandpass Filter 


General Description 

The MF8 consists of two second-order bandpass filter 
stages and an inverting operational amplifier. The two filter 
stages are identical and may be used as two tracking sec- 
ond-order bandpass filters, or cascaded to form a single 
fourth-order bandpass filter. The center frequency is con- 
trolled by an external clock for optimal accuracy, and may 
be set anywhere between 0.1 Hz and 20 kHz. The ratio of 
clock frequency to center frequency is programmable to 
100:1 or 50:1. Two inputs are available for TTL or CMOS 
clock signals. The TTL input will accept logic levels refer- 
enced to either the negative power supply pin or the ground 
pin, allowing operation on single or split power supplies. The 
CMOS input is a Schmitt inverter which can be made to self- 
oscillate using an external resistor and capacitor. 

By using the uncommitted amplifier and resistors for nega- 
tive feedback, any all-pole (Butterworth, Chebyshev, etc.) 
filter can be formed. This requires only three resistors for a 
fourth-order bandpass filter. Q of the second-order stages 
may be programmed to any of 31 different values by the five 
“Q logic” pins. The available Q values span a range from 
0.5 through 90. Overall filter bandwidth is programmed by 
connecting the appropriate Q logic pins to either V+ or V - . 
Filters with order higher than four can be built by cascading 
MF8s. 


Features 

■ Center frequency set by external clock 

■ Q set by five-bit digital word 

■ Uncommitted inverting op amp 

■ 4th-order all-pole filters using only three external 
resistors 

■ Cascadable for higher-order filters 

■ Bandwidth, response characteristic, and center 
frequency independently programmable 

■ Separate TTL and CMOS clock inputs 

■ 18 pin 0.3" wide package 

Key Specifications 

■ Center frequency range 0.1 Hz to 20 kHz 
fl Q range 0.5 to 90 

a Supply voltage range 9V to 14V (±4.5V to ±7V) 

■ Center frequency accuracy 1% over full temperature 
range 


Typical Application & Connection Diagrams 


Dual-In-Line Package 



TL/H/8694-1 


Fourth-Order Butterworth Bandpass Filter 


1 
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Absolute Maximum Ratings (Notei) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vs = V+ - V~) -0.3V to +15V 

Voltage at any Input (Note 2) V - -0.3V to V+ + 0.3V 
Input Current at any Input Pin (Note 2) ±1 mA 

Output Short-Circuit Current (Note 7) ±1 mA 

Power Dissipation (Note 3) 500 mW 

Storage Temperature - 65°C to + 1 50°C 

Soldering Information: 

J Package: 10 sec. 260°C 

N Package: 10 sec. 300°C 

SO Package: Vapor Phase (60 sec.) 215°C 

Infrared (1 5 sec.) 220°C 

ESD rating is to be determined. 


Filter Electrical Characteristics The following specifications apply for V + = + 5V, V~ = — 5V, C|_qad = 
50 pF and Rload = 50 k fL on filter output unless otherwise specified. Boldface limits apply for Tmin to t maxJ all other limits 
T a = Tj = 25°C. 


Symbol 

Parameter 
(Notes 4, 5) 

Conditions 

MF8CCN j 

MF8CCJ | 

Units 

Typical 
(Note 9) 

Tested 
Limit 
(Note 10) 

Design 
Limit 
(Note 11) 

Typical 
(Note 9) 

Tested 
Limit 
(Note 10) 

Design 
Limit 
(Note 11) 

Ho 

Gain at f 0 

fCLK = 250 kHz 

100:1 

ABCDE =11100 

6.02 ±.05 

6.02 ±0.2 


6.02 ±0.05 

6.02 ±0.2 


dB 

Q 

Q 

3.92 ±2% 

3.92 ±6% 


3.92 ±2% 

3.92 ±6% 



R 

fCLK^o 

99.2 ±0.3% 

99.2 ± 1 % 


99.2 ±0.3% 

99.2 ±1% 



H 0 

Gain at f 0 

f C LK = 250 kHz 

100:1 

ABCDE =10011 

6.02 ±0.2 

6.02 ±0.5 


6.02 ±0.2 

6.02 ±0.5 


dB 

Q 

Q 

15.5 ±3% 

15.5 ±8% 


15.5 ±3% 

15.5 ±8% 



R 

f CLK/fo 

99.7 ±0.3% 

99.7 ± 1 % 


99.7 ±0.3% 

99.7 ± 1 % 



H 0 

Gain at f 0 

f C LK = 250 kHz 

50:1 

ABCDE = 00001 

5.85 ±0.4 

5.85 ±1 


5.85 ±0.4 

5.85 ±1 


dB 

Q 

Q 

55 ±5% 

55 ±10% 


55 ±5% 

55 ±10% 



R 

f CLK/fo 

49.9 ±0.2% 

49.9 ±1% 


49.9 ±0.2% 

49.9 ± 1 % 



H 0 

Gain at f 0 

V s = ±5V ±5% 
fCLK ^ 250 kHz 

6.02 ±0.5 


6.02 ±1.5 

6.02 ±0.5 


6.02 ± 1.5 

dB 

aq/q T h 

Q Deviation from 
Theoretical 
(See Table 1) 

V s = ±5V ±5% 
f C LK ^ 250 kHz, Q > 1 
fdK * 100 kHz, 

1 < Q < 57 

±5% 

±2% 


±15% 

±6% 

±5% 

±2% 


± 15 % 

± 6 % 


ar/Rth 

fCLK/fo Deviation 
from Theoretical 
(See Table 1) 

V s = ±5V +5% 
f CL K ^ 250 kHz 

±0.3% 


± 1 % 

±0.3% 


± 1 % 


Q 

Q 

fCLK = 250 kHz, 50:1 
ABCDE = 00110 

10.6 ±2% 


10.6 ± 6 % 

10.6 ±2% 

10.6 ± 8 % 




Dynamic Range 
(Note 6) 

ABCDE =11100 
ABCDE = 10011 
ABCDE = 00001 

86 

80 

75 

! 


86 

80 

75 



dB 

dB 

dB 


Clock 

Feedthrough 

Filter and Op Amp 
f C LK ^ 250 kHz 

Q <; 1 

Q > 1 

80 

40 


i 

i 

80 

40 



mV 

mV 

Is 

Maximum Supply 
Current 

fcLK = 250 kHz, no 
loads on outputs 

9 

12 

12 

9 

13 


mA 

Vos 

Maximum Filter 
Output Offset 
Voltage 

f C |_K = 250 kHz, Q = 4 
50:1 

100:1 

±40 

±80 

±120 

±240 


±40 

±80 

±120 

±240 


mV 

mV 

VoUT 

Minimum Filter 
Output Swing 

Rload = 5 kn 
(Note 6) 

±4.1 

±3.8 

± 3.8 

±4.1 

± 3.6 


V 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” for other methods of soldering sur- 
face mount devices. 


Operating Ratings (Note d 


Temperature Range 
MF8CCN 
MF8CCJ 

Supply Voltage (Vg = V+ - V~) 

fcLK X Q Range 
for 1 0 Hz ^ f C LK ^ 250 kHz 
for 250 kHz ^ f C |_K ^ 1 MHz 


Tmin ^ T a ^ T MA x 
0 °C ^ T A ^ + 70°C 
— 40°C <; T A <; +85°C 
+ 9V to + 14V 

any Q 

f C LK X Q £ 5 MHz 
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Op Amp Electrical Characteristics The following specifications apply for V+ = + 5V, V - = -5Vandno 
load ontheOp Amp output unless otherwise specified. Boldface limits apply for Tmin to t max; all other limits Ta = Tj = 25°C. 





MF8CCN 

MF8CCJ 


Symbol 

Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 




(Note 9) 

(Note 10) 

(Note 11) 

(Note 9) 

(Note 10) 

(Note 11) 


Vos 

Maximum Input Offset Voltage 


±8 

±20 


±8 

±20 


mV 

•b 

Maximum Input Bias Current 


10 



10 



pA 

v OUT 

Minimum Output Voltage Swing 

r LOAD = 5 kft 

±3.8 

±3.5 

± 3.4 

±3.8 

± 3.1 


V 

Avol 

Open Loop Gain 


80 



80 



dB 

GBW 

Gain Bandwidth 

Product 


1.8 



1.8 



MHz 

SR 

Slew Rate 


10 



10 



V/jus 


Logic Input and Output Characteristics The following specifications apply for V+ = + 10V and V - 
= 0V unless otherwise specified. Boldface limits apply for T^in to Tmax; all other limits Ta = Tj = 25°C. 







MF8CCN 

MF8CCJ 


Symbol 

Parameter 


Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 






(Note 9) 

(Note 10 

(Note 11) 

(Note 9) 

(Note 10) 

(Note 11) 


V T + 

Positive Threshold 


Min 

V s = V+ - V - referred 

0.7V S 

0.58V S 


0.7V S 

0.58V S 


V 


Voltage on pin 8 


Max 

toV- - 0V (Note 8) 

0.7V S 

0.89V S 


0.7V S 

0.89V S 


V 

v T - 

Negative Threshold 

Min 

V s = v+ - V~ referred 

0.35V S 

0.1 1V S 


0.35V S 

0.1 1V S 


V 


Voltage on pin 8 


Max 

toV- = 0V (Note 8) 

0.35V S 

0.47V S 


0.35V S 

0.47V S 


V 

VOH 

Output Voltage on 

Min High 

lo = “10 ju,A 


9.0 

9.0 


9.0 


V 

V 0 L 

pin 9 (Note 12) 

Max Low 

|q = +10 ju,A 


1.0 

1.0 


1.0 


V 

lOH 

Output Current on 

Min Source 

Pin 9 tied to V~ 

6.0 

3.0 


6.0 

3.0 


mA 

>OL 

pin 9 

Min Sink 

Pin 9 tied to V + 

5.0 

2.5 


5.0 

2.5 


mA 

V, H 

Input Voltage on 

Min High 


7.0 


9.0 

7.0 

9.0 


V 

V|L 

pins: 1, 2, 3, 10, 

17, & 18 (Mote 12) 

Max Low 


3.0 


1.0 

3.0 

1.0 


V 

l|N 

Input Current on pins: 1 , 2, 

3, 7, 8, 10, 17, & 18 



10 

10 


10 


/jlA 

V|H 

Input Voltage on 

Min High 

V+ = +10V, V- = OVor 


2.0 

2.0 


2.0 


V 

V| L 

pin 7 

Max Low 

V+ = +5V, V- = — 5V 


0.8 

0.8 


0.8 


V 


Note 1: Absolute Maximum Raings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 


Note 2: When the applied voltage at any pin falls outside the power supply voltages (Vin < V~ or Vin > V+), the absolute value of current at that pin should be 
limited to 1 mA or less. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. ©ja> ar >d the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax ~ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125°C, and the typical junction-to-ambient thermal resistance of the MF8CCN when board mounted is 50°C/W. For the MF8CCJ, this number 
increases to 65°C/W. 

Note 4: The center frequency of each 2nd-order filter section is defined as the frequency where the phase shift through the filter is zero. 

Note 5: Q is defined as the measured center frequency divided by the measured bandwidth, where the bandwidth is the difference between the two frequencies 
where the gain is 3 dB less than the gain measured at the center frequency. 

Note 6: Dynamic range is defined as the ratio of the tested minimum output swing of 2.75 Vrms ( + 3.8V peak-to-peak) to the wideband noise over a 20 kHz 
bandwidth. For Qs of 1 or less the dynamic range and output swing will degrade because the gain at an internal node is 2/Q. Keeping the input signal level below 
1.23xQ Vrms will avoid distortion in this case. 
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Note 7: If it is possible for a signal output (pin 6, 14, or 15) to be shorted to V+, V - or ground, add a series resistor to limit output current. 

Note 8: If V~ is anything other than OV then the value of V - should be added to the values given in the table. For example for V+ = +5V and V - = -5V the 
typical V T + = 0.7 (10V) + (-5V) = +2V. 

Note 9: Typicals are at 25°C and represent the most likely parametric norm. 

Note 10: Tested Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 11: Design Limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 12: These logic levels have been referenced to V - . The logic levels will shift accordingly for split supplies. 


Pin Descriptions 


Q Logic Inputs 
A, B, C, D, E 
(3,2,1,18,17): 
AGND (4): 


These inputs program the Qs of the two 
2nd-order bandpass filter stages. Logic 
“1” is V+ and logic “0” is V~. 

This is the analog and digital ground pin 
and should be connected to the system 
ground for split supply operation or bi- 
ased to mid-supply for single supply op- 
eration. For best filter performance, the 
ground line should be “clean”. 


V+ (12), These are the positive and negative 

V - (11): power supply inputs. Decoupling the 

power supply pins with 0.1 /xF or larger 
capacitors is highly recommended. 


FI IN (16), These are the inputs to the bandpass fil- 

F2 IN (5): ter stages. To minimize gain error the 

source impedance should be less than 2 
kfl. Input signals should be referenced 
to AGND. 


FI OUT (15), 
F2 OUT (6): 
A IN (13): 


These are the outputs of the bandpass 
filter stages. 

This is the inverting input to the uncom- 
mitted operational amplifier. The non-in- 
verting input is internally connected to 
AGND. 


A OUT (14): 
50/100(10): 


TTL CLK (7): 


CMOS CLK (8): 


This is the output of the uncommitted 
operational amplifier. 

This pin sets the ratio of the clock fre- 
quency to the bandpass center frequen- 
cy. Connecting this pin to V + sets the 
ratio to 100:1. Connecting it to V - sets 
the ratio to 50:1. 

This is the TTL-level clock input pin. 
There are two logic threshold levels, so 
the MF8 can be operated on either sin- 
gle-ended or split supplies with the logic 
input referred to either V~ or AGND. 
When this pin is not used (or when 
CMOS logic levels are used), it should 
be connected to either V+ or V - . 

This pin is the input to a CMOS Schmitt 
inverter. Clock signals with CMOS logic 
levels may be applied to this input. If the 
TTL input is used this pin should be con- 
nected to V - . 


RC (9): This pin allows the MF8 to generate its 

own clock signal. To do this, connect an 
external resistor between the RC pin and 
the CMOS Clock input, and an external 
capacitor from the CMOS Clock input to 
AGND. The TTL Clock input should be 
connected to V - or V+. When the MF8 
is driven from an external clock, the RC 
pin should be left open. 

1.0 Application Information 

1.1 INTRODUCTION 

A simplified block diagram for the MF8 is shown in Figure 1. 
The analog signal path components are two identical 2nd- 
order bandpass filters and an operational amplifier. Each 
filter has a fixed voltage gain of 2. The filters’ cutoff frequen- 
cy is proportional to the clock frequency, which may be ap- 
plied to the chip from an external source or generated inter- 
nally with the aid of an external resistor and capacitor. The 
proportionality constant fcLK/fo can be set to either 50 or 
100 depending on the logic level on pin 10. The “Q” of the 
two filters can have any of 31 values ranging from 0.5 to 90 
and is set by the logic levels on pins 1, 2, 3, 17, and 18. 
Table I shows the available values of Q and the logic levels 
required to obtain them. The operational amplifier’s non-in- 
verting input is internally grounded, so it may be used only 
for inverting applications. 

The components in the analog signal path can be intercon- 
nected in several ways, three of which are illustrated in Fig- 
ures 2a, 2b and 2c. The two second-order filter sections can 
be used as separate filters whose center frequencies track 
very closely as in Figure 2a. Each filter section has a high 
input impedance and low output impedance. The op amp 
may be used for gain scaling or other inverting functions. If 
sharper cutoff slopes are desired, the two filter sections 
may be cascaded as in Figure 2b. Again, the op amp is 
uncommitted. The circuit in Figure 2c uses both filter sec- 
tions with the op amp and three resistors to build a “multiple 
feedback loop” filter. This configuration offers the greatest 
flexibility for fourth-order bandpass designs. Virtually any 
fourth-order all pole response shape (Butterworth, Cheby- 
shev) can be obtained with a wide range of bandwidths, 
simply by proper choice of resistor values and Q. The three 
connection schemes in Figure 2 will be discussed in more 
detail in Sections 1.4 and 1.5. 
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VOLTAGE GAIN (dB) Q DEVIATION FROM Q AT ±5V (%) RATIO DEVIATION FROM RATIO AT 25°C (%) 


Typical Performance Characteristics 
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1.0 Application Information (Continued) 



FIGURE 1. Simplified Block Diagram of the MF8 


TL/H/8694-3 


VqUT 1 v in 2 v out 2 



FIGURE 2a. Separate Second-Order “Tracking” Filters 


TL/H/8694-4 


V, N 


V 0UT 



TL/H/8694-5 

FIGURE 2b. Fourth-Order Bandpass Made by Cascading Two Second-Order Stages 
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1.0 Application Information (Continued) 

R 2 



FIGURE 2c. Multiple Feedback Loop Connection 


TL/H/8694-6 


1.2 CLOCKS 

The MF8 has two clock input pins, one for CMOS logic lev- 
els and the other for TTL levels. The TTL (pin 7) input auto- 
matically adjusts its switching threshold to enable operation 
on either single or split power supplies. When this input is 
used, the CMOS logic input should be connected to pin 
11(V~). The CMOS Schmitt trigger input at pin 8 accepts 
CMOS logic levels. When it is used, the TTL input should be 
connected to either pin 11 (V - ) or pin 12 (V+). The basic 
clock hookups for single and split supply operation are 
shown in Figures 3 and 4. 


Clock signals derived from a crystal-controlled oscillator are 
recommended when maximum center frequency accuracy 
is desired, but in less critical applications the MF8 can gen- 
erate its own clock signal as in Figures 3c and 4c. An exter- 
nal resistor and capacitor determine the oscillation frequen- 
cy. Tolerance of these components and part-to-part varia- 
tions in Schmitt-trigger logic thresholds limit the accuracy of 
the RC clock frequency. In the self-clocked mode the TTL 
Clock input should be connected to either pin 1 1 or pin 12. 


"Jin. 



(a) MF8 Driven with CMOS Logic Level Clock 


ijul 



(b) MF8 Driven with TTL Logic Level Clock 



(c) MF8 Driven with Schmitt Trigger Oscillator 
FIGURE 3. Dual Supply Operation 


f CLK = 


RC I 


1 

£ 

i 

C/1 

> 


£ 

1 

+ 

\V T _/ 


Typically for Vs* = 10V 
fcLK = 1.69 RC 

*V S = v+ - v- 


TL/H/8694-9 
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1.0 Application Information (Continued) 

1.3 POWER SUPPLIES AND ANALOG GROUND 

The MF8 can be operated from single or dual-polarity power 
supplies. For dual-supply operation, the analog ground (pin 
4) should be connected to system ground. When single sup- 
plies are used, pin 4 should be biased to V+ /2 as in Figures 
3 and 4. The input signal should either be capacitively cou- 


pled to the filter input or biased to V+/2. It is strongly rec- 
ommended that each power supply pin be bypassed to 
ground with at least a 0.1 juF ceramic capacitor. In single 
supply applications, with V~ connected to ground, V+ and 
AGND should be bypassed to system ground. 



TL/H/8694-10 




FIGURE 4. Single supply operation. The AGND pin must be biased to mid-supply. 

The input signal should be dc biased to mid-supply or capacitor-coupled to the input pin. 
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1.0 Application Information (Continued) 

1.4 MULTIPLE FEEDBACK LOOP CONFIGURATION 

The multi-loop approach to building bandpass filters is high- 
ly flexible and stable, yet uses few external components. 
Figure 5 shows the MF8’s internal operational amplifier and 
two second-order filter stages with three external resistors 
in a fourth-order multiple feedback configuration. Higher-or- 
der filters may be built by adding more second-order sec- 
tions and feedback resistors as in Figure 6. The filter’s re- 
sponse is determined by the clock frequency, the clock-to- 
center-frequency ratio, the ratios of the feedback resistor 
values, and the Qs of the second-order filter sections. The 
design procedure for multiple feedback filters can be broken 
down into a few simple steps: 

1) Determine the characteristics of the desired filter. This 
will depend on the requirements of the particular applica- 
tion. For a given application, the required bandpass re- 
sponse can be shown graphically as in Figure 7, which 
shows the limits for the filter response. Figure 7 also makes 
use of several parameters that must be known in order to 
design a filter. These parameters are defined below in terms 
of Figure 7. 



TL/H/8694-15 

FIGURE 7. Graphical representation of the amplitude 
response specifications for a bandpass filter. The 
filter’s response should fall within the shaded area. 



TL/H/8694-13 

FIGURE 5. General fourth-order multiple-feedback bandpass filter circuit. MF8 pin numbers are shown. 



FIGURE 6. By adding more second-order filter stages and feedback resistors, 
higher order multiple-feedback filters may be built. 
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1.0 Application Information (Continued) 

fci and fc 2 -' The filter’s lower and upper cutoff frequencies. 

These define the filter’s passband. 

fsi and fs 2 ‘ The boundaries of the filter’s stopband. 

BW: The filter’s bandwidth. BW = fc 2 — fci • 

SBW: The width of the filter’s stopband. SBW = fs 2 - fsi • 
fo: The center frequency of the filt er, fp is equal to the geo- 
metric mean of fci and fc 2 : fo = Vfci^C2- fo is also equal t0 
the geometric mean of fsi and fs 2 - 
Hobp : The nominal passband gain of the bandpass filter. 
This is normally taken to be the gain at fo- 
fo/BW: The ratio of the center frequency to the bandwidth. 
For second-order filters, this quantity is also known as “Q”. 
SBW/BW: The ratio of stopband width to bandwidth. This 
quantity is also called “Omega” and may be represented by 
the symbol “H”. 

A max : The maximum allowable gain variation within the filter 
passband. This will depend on the system requirements, but 
typically ranges from a fraction of a dB to 3 dB. 

A n j n : The minimum allowable attenuation in the stopband. 
Again, the required value will depend on system constraints. 

2) . Choose a Butterworth or Chebyshev response charac- 
teristic. Butterworth bandpass filters are monotonic on ei- 
ther side of the center frequency, while Chebyshev filters 
will have “ripple” in the passband, but generally faster at- 
tenuation outside the passband. Chebyshev filters are spec- 
ified according to the amount of ripple (in dB) within the 
passband. 

3) Determine the filter order necessary to meet the re- 
sponse requirements defined above. This may be done with 
the aid of the nomographs in Figures 8 and 9 for Butter- 
worth and Chebyshev filters. To use the nomographs, draw 
a line through the desired values on the Amax /a min scales 
to the left side of the graph. Draw a horizontal line to the 
right of this point and mark its intersection with the vertical 
line corresponding to the required ratio SBW/BW. The re- 
quired filter order will be equal to the number of the curve 
falling on or just above the intersection of the two lines. This 
is illustrated in Figure 10 for a Chebyshev filter with 1 dB 
ripple, 30 dB minimum attenuation in the stopband, and 
SBW/BW = 3. From the Figure, the required filter order is 
6 . 

4) The design tables in section 2.0 can now be used to find 
the component values that will yield the desired response 
for filters of order 4 through 12. The “K n ” give the ratios of 
resistors “R n ” to Rp, and Kq is Q divided by fo/BW. 

As an example of the Tables’ use, consider a fourth-order 
Chebyshev filter with 0.5 dB ripple and fo/BW = 6. Begin by 
choosing a convenient value for Rp, such as 100 kn. From 
the “0.5 dB Chebyshev” filter table, Ko = Ro/Rf = 1-3405. 
This gives R 0 = Rf X 1.345 = 134.05k. In a similar man- 
ner, R 2 is found to equal 201.61k. Q is found using the 
column labeled Kq. This gives Q = Kq X f 0 /BW = 8.4174. 


Table I shows the available Q values; the nearest value is 
8.5, which is programmed by tying pins 1,2,3, and 1 8 to V + 
and pin 17 to V - . 

Note that the resistor values obtained from the tables are 
normalized for center frequency gain Hqbp = 1 . For differ- 
ent gains, simply divide Rq by the desired gain. 

5) Choose the clock-to-center-frequency ratio. This will 
nominally be 100:1 when pin 10 is connected to pin 12(V + ) 
and 50:1 when pin 10 is connected to pin 11 (V~). 100:1 
generally gives a response curve nearer the ideal and fewer 
(if any) problems with aliasing, while 50:1 allows operation 
over the highest octave of center frequencies (10 kHz to 20 
kHz). Supply the MF8 with a clock signal of the appropriate 
frequency to either the TTL or CMOS input, depending on 
the available clock logic levels. 


TABLE I. Q and Clock-to-Center-Frequency Ratio 
Versus Logic Levels on “Q-set” Pins 



50:1 mode 

100:1 mode 

ABCDE 

Fclk/Fo 

Q 

Fclk/Fo 

Q 

10000 

43.7 

0.45 

94.0 

0.47 

11000 

45.8 

0.71 

95.8 

0.73 

01000 

46.8 

0.96 

96.8 

0.98 

10100 

48.4 

2.0 

98.4 

2.0 

00100 

48.7 

2.5 

98.7 

2.5 

01100 

48.9 

3.0 

98.9 

3.0 

11100 

49.2 

4.0 

99.2 

4.0 

01010 

49.3 

5.0 

99.3 

5.0 

10010 

49.4 

5.7 

99.4 

5.7 

10110 

49.4 

6.4 

99.4 

6.4 

00010 

49.5 

7.6 

99.5 

7.6 

11110 

49.6 

8.5 

99.6 

8.5 

00110 

49.6 

10.6 

99.6 

10.6 

11001 

49.6 

11.7 

99.6 

11.7 

11010 

49.7 

12.5 

99.7 

12.5 

11101 

49.7 

13.6 

99.7 

13.6 

01001 

49.7 

14.7 

99.7 

14.7 

10011 

49.7 

15.8 

99.7 

15.8 

10101 

49.7 

16.5 

99.7 

16.5 

OHIO 

49.7 

17 

99.7 

17 

10001 

49.8 

19 

99.8 

19 

10111 

49.8 

22 

99.8 

22 

11011 

49.8 

27 

99.8 

27 

11111 

49.8 

30 

99.8 

30 

00101 

49.8 

33 

99.8 

33 

01011 

49.8 

40 

99.8 

40 

00111 

49.8 

44 

99.8 

44 

00001 

49.9 

57 

99.9 

57 

01101 

49.9 

68 

99.9 

68 

00011 

49.9 

79 

99.9 

79 

01111 

49.9 

90 

99.9 

90 
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1.0 Application Information (Continued) 

Higher-order filters are designed in a similar manner. An 
eighth-order Chebyshev with 0.1 dB ripple, center frequency 
equal to 1 kHz, and 100 Hz bandwidth, for example, could 
be built as in Figure 1 1 with the following component values: 
R 0 = 79.86k 
R f = 100k 
R 2 = 57.82k 
R 3 = 188.08k 
R 4 = 203.42k 

Pins 1, 3, 17 and 18 high, pin 2 low. For 100:1 clock-to-cen- 
ter-frequency ratio, pin 10 is tied to V+ and the clock fre- 
quency is 100 kHz. For 50:1 clock-to-center-frequency ratio, 
pin 10 is tied to V~ and the clock frequency is 50 kHz. 
When building filters of order 4 or higher, best performance 
will always be realized when the filter blocks are cascaded 


in numerical order: Filter 1 (pins 16 and 15) should always 
precede Filter 2 (pins 5 and 6). If a second MF8 is used, 
Filter 2 of the first MF8 should precede Filter 1 of the sec- 
ond MF8, and so on. 

Dynamic Considerations 

Some filter response characteristics will result in high gain 
at certain internal nodes, particularly at the op amp output. 
This can cause clipping in intermediate stages even when 
no clipping is evident at the filter output. The consequences 
are significant distortion and degradation of the overall 
transfer function. The likelihood of clipping at the op amp 
output becomes greater as Rp/Ro increases. As the design 
tables show, Rp/Ro increases with increasing filter order 
and increasing ripple. It is good practice to keep out-of-band 
input signal levels small enough that the first stage can’t 
overload. 
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FIGURE 9. Chebyshev Bandpass Filter Design Nomograph 
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1.0 Application Information (Continued) 


13 14 16 15 5 


N 


B.P. J !-► 

B.P. 

y 


FILTER 1 

FILTER 2 


13 14 16 15 5 6 


b.p. r n BP r 

FILTER 3 I FILTER 4 


7 TTL > 

LEVEL JT 

SHIFT 


♦ 1 ^ 7 TTL X ♦ 

n ?Y' . ,i ^ 

9 I 3 1 2 | 1 |l 8 |l 7 1 8 1 9 I 3 1 2 1 1 |l 8 11 7 1 

-5V 


Q LOGIC I PTl 



I CLOCK IN 

-.tut n_ 

FIGURE 11. Eighth-Order multiple-feedback bandpass filter using two MF8s. The circuit shown 
accepts a TTL-level clock signal and has a clock-to-center-frequency ratio of 100:1. 

1.5 TRACKING AND CASCADED SECOND-ORDER 60 

BANDPASS FILTERS 

50 

The individual second-order bandpass stages may be used 

as “stand-alone” filters without adding external feedback 40 

resistors. The clock frequency and Q logic voltages set the 5 

center frequency and bandwidth of both second-order < 30 

bandpass filters, so the two filters will have equivalent re- 2Q 

sponses. Thus, they may be used as separate “tracking” 

filters for two different signal sources as in Figure 2a , or 10 

cascaded as in Figure 2b. For individual or cascaded sec- 
ond-order bandpass filters, the -3 dB bandwidth and the o 

amplitude response are given by the following two equa- 1 2 3 4 S b W 6 7 8 9 11 

tions: lw 

BW(— 3) = V20/N) - 1 (1 ) FIGURE 1 3. Design Nomograph for Cas 


0 1 

1 23456789 10 

SBW 
BW 

TL/H/8694-21 

FIGURE 13. Design Nomograph for Cascaded 
Identical Second-Order Bandpass Filters 

Q = the Q of each second order bandpass stage 
fo = the center frequency of the filter in Hertz 
wo = 2 7rfo = the center frequency of the filter in radians 
per second 

N = the number of cascaded second-order stages = - 

H(s) f= the overall filter transfer function 
H(s) for a second order bandpass filter is plotted in Figure 
12. Curves are shown for several different values of Q. Cen- 
ter frequency is normalized to 1 Hz and center-frequency 
gain is normalized to 0 dB. 

To find the necessary order n for cascaded second-order 
bandpass filters using the nomograph in Figure 13, first de- 
termine the -3 dB bandwidth BW(-3), stopband width 
SBW, and minimum stopband attenuation A m j n . Draw a ver- 
tical line up from SBW/BW(-3), and a horizontal line 
across from A m j n . The required order is shown on the curve 
just above the point of intersection of the two lines. Remem- 
ber that each second-order filter section will have a center 
frequency gain of 2, so the overall gain of a cascaded filter 
will be 2 N 

Cascading filters in this way may provide acceptable per- 
formance when minimum external parts count is very impor- 


ts) = 2 x 

L s 2 +§ s+w ° 2 J 

where 

BW(— 3) = the -3 dB bandwidth of the overall filter 


Wl. 

■y/Awnsa^l 



0.1 0.5 1 2 5 10 

FREQUENCY (Hz) 

TL/H/8694-20 

FIGURE 12. H(s) For second-order bandpass filters with 
various values of Q. H 0 normalized in each case to 0 dB. 
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1.0 Application Information (Continued) 

tant, but much greater flexibility and better performance will 
be obtained by using the feedback techniques described in 
1.4. 


1.6 INPUT IMPEDANCE 

The input to each filter block is a switched-capacitor circuit 
as shown in Figure 14. During the first half of a clock cycle, 
the input capacitor charges to the input voltage Vj n , and 
during the second half-cycle, its charge is transferred to a 
feedback capacitor. The input impedance approximates a 
resistor of value 


QnfcLK 

Cj n depends on the value of Q selected by the Q logic pins, 
and varies from about 1 pF to about 5 pF. For a worst-case 
calculation of Rj n , assume Q n = 5 pF. Thus, 


Rin(min) = 


1 

5 x 10-l2f CLK 


NON-OVERLAPPING 

CLOCKS 


0 , 0 2 



TL/H/8694-22 

FIGURE 14. Simplified MF8 Input Stage 


At the maximum clock frequency of 1 MHz, this gives 
Rj n = 200k. Note that Rj n increases as fcLK decreases, so 
the input impedance should never be less than this number. 
Source impedance should be low enough that the gain isn’t 
significantly affected. 

1.7 OUTPUT DRIVE 

The filter outputs can typically drive a 5 kfl load resistor to 
over ±4V peak-to-peak. Load resistors smaller than 5 kfl 
should not be used. The operational amplifier can drive the 
minimum recommended load resistance of 5 kfl to at least 
±3.5V. 


1.8 SAMPLED-DATA SYSTEM CONSIDERATIONS 
Aliasing 

The MF8 is a sampled-data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The MF8’s sampling frequency is the 
same as its clock frequency). If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled-data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is f s /2 + 10 Hz will 
cause the system to respond as though the input frequency 


was f s /2 - 1 0 Hz. This phenomenon is known as “alias- 
ing”. Aliasing can be reduced or eliminated by limiting the 
input signal spectrum to less than f s /2. This may in some 
cases require the use of a bandwidth-limiting filter (a simple 
passive RC network will generally suffice) ahead of the MF8 
to attenuate unwanted high-frequency signals. However, 
since the clock frequency is much greater than the center 
frequency, this will usually not be necessary. 

Output Steps 

Another characteristic of sampled-data circuits is that the 
output voltage changes only once every clock cycle, result- 
ing in a discontinuous output signal {Figure 15). The “steps” 
are smaller when the clock-to-center-frequency ratio is 
100:1 than when the ratio is 50:1. 

Clock Frequency Limitations 

The performance characteristics of a switched-capacitor fil- 
ter depend on the switching (clock) frequency. At very low 
clock frequencies (below 10 Hz), the internal capacitors be- 
gin to discharge slightly between clock cycles. This is due to 
very small parasitic leakage currents. At very low clock fre- 
quencies, the time between clock cycles is relatively long, 
allowing the capacitors to discharge enough to affect the 
filters’ output offset voltage and gain. This effect becomes 
stronger at elevated operating temperatures. 

At higher clock frequencies, performance deviations are pri- 
marily due to the reduced time available for the internal inte- 
grating op amps to settle. For this reason, the clock wave- 
form’s duty cycle should be as close as possible to 50%, 
especially at higher frequencies. Filter Q shows more varia- 
tion from the nominal values at higher frequencies, as indi- 
cated in the typical performance curves. This is the reason 
for the different maximum limits on Q accuracy at fcLK = 
250 kHz and fci_K = 100 kHz in the table of performance 
specifications. 

Center Frequency Accuracy 

Ideally, the ratio fcLK^o should be precisely 100 or 50, de- 
pending on the logic voltage on pin 10. However, as Table I 
shows, this ratio will change slightly depending on the Q 
selected. As the table shows, the largest errors occur at the 
lowest values of Q. 



100:1 


50:1 


TL/H/8694-23 

FIGURE 15. Output Waveform of 
MF8 Showing Sampling Steps 
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters 


BUTTERWORTH RIPPLE 3 dB 


Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

8 

10 

*12 

2.0000 

2.3704 

2.9142 

3.6340 

4.5635 


9.1429 

5.8284 

4.4112 

3.5800 

14.3145 

6.9094 

4.3198 

27.2014 

11.5043 

49.0673 

1.4142 

1.5000 

1.5307 

1.5451 

1.5529 

CHEBYSHEV RIPPLE 0.01 dB 

Order 

K 0 

k 2 

K 3 

k 4 

Ks 

K 6 

Kq 

4 

6 

8 

*10 

1.9041 

1.8277 

1.4856 

1.0171 

3.6339 

1.8450 

0.9919 

0.5740 

6.6170 

3.1209 

1.7484 

5.0414 

1.2943 

4.8814 


0.4489 

0.9438 

1.4257 

1.8908 

CHEBYSHEV RIPPLE 0.02 dB 

Order 

K 0 

k 2 

k 3 

k 4 

K 5 

k 6 

Kq 

4 

6 

8 

*10 

1.8644 

1.7024 

1.2893 

0.8163 

3.4922 

1.6787 

0.8707 

0.4934 

6.0772 

2.7661 

1.5155 

4.0779 

0.9879 

3.7119 


0.5393 

1.0849 

1.6106 

2.1179 

CHEBYSHEV RIPPLE 0.03 dB 

H 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

BBHEHmBI ■ 

1.8341 

1.6183 

1.1688 

0.7034 

3.3871 

1.5713 

0.7977 

0.4467 

5.7231 

2.5491 

1 .3786 

3.5270 

0.8252 

3.0938 


0.6016 

1.1808 

1.7362 

2.2724 

CHEBYSHEV RIPPLE 0.04 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

8 

*10 

1.8085 

1.5535 

1.0814 

0.6264 

3.3009 

1.4908 

0.7454 

0.4139 

5.4548 

2.3919 

1.2818 

3.1471 

0.7181 

2.6883 


0.6508 

1.2560 

1.8348 

2.3940 

CHEBYSHEV RIPPLE 0.05 dB 

Order 

K 0 

k 2 

k 3 

k 4 

K 5 

k 6 

Kq 

4 

6 

8 

*10 

1.7860 

1.5002 

1.0129 

0.5686 

3.2268 

1.4260 

0.7046 

0.3888 

5.2373 

2.2685 

1.2072 

2.8609 

0.6402 

2.3938 


0.6923 

1.3191 

1.9175 

2.4961 

CHEBYSHEV RIPPLE 0.06 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

8 

*10 

1.7657 

1.4548 

0.9566 

0.5230 

3.1612 

1.3717 

0.6713 

0.3685 

5.0536 

2.1670 

1.1467 

2.6336 

0.5800 

2.1666 


0.7285 

1.3741 

1.9897 

2.5852 


1-76 






























2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued) 

CHEBYSHEV RIPPLE .07 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

8 

*10 

1.7471 

1.4150 

0.9089 

0.4856 

3.1020 

1.3249 

0.6431 

0.3516 

4.8943 

2.0808 

1.0959 

2.4466 

0.5316 

1.9842 


0.7609 

1.4232 

2.0543 

2.6649 

CHEBYSHEV RIPPLE .08 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

8 

1.7298 

1.3795 

0.8675 

3.0478 

1.2837 

0.6187 

4.7534 

2.0060 

2.2887 



0.7905 

1.4679 

2.1130 

CHEBYSHEV RIPPLE .09 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

8 

1.7136 

1.3475 

0.8311 

2.9978 

1.2469 

0.5973 

4.6271 

1.9400 

2.1529 



0.8177 

1.5090 

2.1671 

CHEBYSHEV RIPPLE 0.1 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

8 

1.6983 

1.3183 

0.7986 

2.9512 

1.2137 

0.5782 

4.5125 

1.8809 

2.0343 



0.8430 

1.5473 

2.2176 

CHEBYSHEV RIPPLE 0.2 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

Ks 

Kq 

4 

6 

8 

1.5757 

1.1128 

0.5891 

2.5998 

0.9894 

0.4551 

3.7271 

1.4954 

1.3309 



1.0378 

1.8413 

2.6057 

CHEBYSHEV RIPPLE 0.3 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

*8 

1.4833 

0.9835 

0.4732 

2.3575 

0.8560 

0.3861 

3.2501 

1.2760 

0.9885 



1.1804 

2.0568 

2.8914 

CHEBYSHEV RIPPLE 0.4 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

*8 

1.4067 

0.8888 

0.3956 

2.1698 

0.7618 

0.3391 

2.9088 

1.1250 

0.7792 



1.2988 

2.2363 

3.1299 

CHEBYSHEV RIPPLE 0.5 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

*8 

1.3405 

0.8143 

0.3389 

2.0161 

0.6897 

0.3040 

2.6447 

1.0114 

0.6365 



1.4029 

2.3944 

3.3406 

i 
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued) 



CHEBYSHEV RIPPLE 0.6 dB 




Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

1.2816 

1.8857 





1.4975 

6 

0.7530 

0.6316 

2.4305 




2.5385 

*8 

0.2952 

0.2762 

0.9212 

0.5326 



3.5329 

CHEBYSHEV RIPPLE 0.7 dB 

Order 

K 0 

k 2 

k 3 

k 4 

K 5 

k 6 

Kq 

4 

1.2283 

1.7727 





1.5852 

6 

0.7012 

0.5834 

2.2515 




2.6724 

*8 

0.2601 

0.2535 

0.8471 

0.4535 



3.7119 

CHEBYSHEV RIPPLE 0.8 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

1.1797 

1.6731 





1.6678 

6 

0.6564 

0.5424 

2.0983 




2.7989 

*8 

0.2314 

0.2344 

0.7846 

0.3913 



3.8811 

CHEBYSHEV RIPPLE 0.9 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

1.1347 

1.5841 





1.7464 

6 

0.6171 

0.5068 

1.9650 




2.9194 

*8 

0.2073 

0.2181 

0.7309 

0.3413 



4.0426 

CHEBYSHEV RIPPLE 1.0 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

1.0930 

1.5039 





1.8219 

6 

0.5822 

0.4756 

1.8475 




3.0354 

*8 

0.1869 

0.2038 

0.6840 

0.3002 



4.1981 

CHEBYSHEV RIPPLE 1.1 dB 

Order 

K 0 

k 2 

CO 

* 

k 4 

k 5 

k 6 

Kq 

4 


1.4310 





1.8949 

6 


0.4479 

1.7428 




3.1476 

!! i 


0.1913 

0.6426 

0.2660 



4.3487 

CHEBYSHEV RIPPLE 1.2 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 


1.3643 





1.9657 

6 


0.4231 

1 .6487 




3.2567 

*8 


0.1801 

0.6056 

0.2372 



4.4952 

CHEBYSHEV RIPPLE 1.3 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.9828 

1.3029 





2.0348 

6 

0.4969 

0.4006 

1.5634 




3.3633 

*8 

0.1406 

0.1701 

0.5724 

0.2125 



4.6385 
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CHEBYSHEV RIPPLE 1.4 dB 




Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

0.9501 

0.4733 

1.2461 

0.3803 

1.4857 




2.1024 

3.4678 

CHEBYSHEV RIPPLE 1.5 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 


1.1934 

0.3616 

1.4145 




2.1688 

3.5705 

CHEBYSHEV RIPPLE 1.6 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

0.8897 

0.4315 

1.1443 

0.3445 

1.3490 




2.2341 

3.6717 

CHEBYSHEV RIPPLE 1.7 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

0.8617 

0.4128 

1.0983 

0.3287 

1.2883 




2.2986 

3.7717 

CHEBYSHEV RIPPLE 1.8 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

5 

0.8350 

0.3955 

1.0553 

0.3141 

1.2321 




2.3624 

3.8706 

CHEBYSHEV RIPPLE 1.9 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

0.8095 

0.3793 

1.0148 

0.3005 

1.1797 




2.4255 

3.9687 

CHEBYSHEV RIPPLE 2.0 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 


0.9767 

0.2878 

1.1308 




2.4881 

4.0660 

CHEBYSHEV RIPPLE 2.1 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

0.7616 

0.3498 

0.9407 

0.2759 

1.0850 




2.5503 

4.1628 

CHEBYSHEV RIPPLE 2.2 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

6 

0.7391 

0.3364 

0.9067 

0.2648 

1.0420 




2.6122 

4.2591 
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2.0 Design Tables for Multiple Feedback Loop Bandpass Filters (continued) 



CHEBYSHEV RIPPLE 2.3 dB 




Order 

K 0 

k 2 

K 3 

k 4 

k 5 

k 6 

Kq 

4 

0.7176 

0.8744 





2.6737 

6 

0.3237 

0.2544 

1.0016 




4.3550 

CHEBYSHEV RIPPLE 2.4 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.6968 

0.8438 





2.7350 

6 

0.3118 

0.2446 

0.9635 




4.4507 

CHEBYSHEV RIPPLE 2.5 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.6769 

0.8148 





2.7962 

6 

0.3005 

0.2353 

0.9275 




4.5462 

CHEBYSHEV RIPPLE 2.6 dB 

Order 

K 0 

CM 

* 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.6577 

0.7871 





2.8573 

6 

0.2897 

0.2265 

0.8935 




4.6415 

CHEBYSHEV RIPPLE 2.7 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.6392 

0.7607 





2.9183 

6 

0.2796 

0.2182 

0.8612 




4.7368 

CHEBYSHEV RIPPLE 2.8 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.6213 

0.7356 





2.9792 

6 

0.2699 

0.2104 

0.8306 




4.8322 

CHEBYSHEV RIPPLE 2.9 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.6041 

0.7116 






6 

0.2607 

0.2029 

0.8016 





CHEBYSHEV RIPPLE 3.0 dB 

Order 

K 0 

k 2 

k 3 

k 4 

k 5 

k 6 

Kq 

4 

0.5875 

0.6886 





3.1013 

6 

0.2519 

0.1959 

0.7739 




5.0231 

Note: Multiple feedback loop filters of higher order than those specified in the tables will oscillate due to phase shift at the output of the summing amplifier. This 
phase shift is not the fault of the MF8; it is inherent in this type of multiple feedback loop topology. In addition, all filters marked with an asterisk (*) will be unstable 
for Q ^ 1 , due to phase shifts caused by the MF8’s switched-capacitor design approach. 
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National 

Semiconductor 

Corporation 


MF10 Universal Monolithic Dual Switched Capacitor Filter 


General Description 

The MF10 consists of 2 independent and extremely easy to 
use, general purpose CMOS active filter building blocks. 
Each block, together with an external clock and 3 to 4 resis- 
tors, can produce various 2nd order functions. Each building 
block has 3 output pins. One of the outputs can be config- 
ured to perform either an allpass, highpass or a notch func- 
tion; the remaining 2 output pins perform lowpass and band- 
pass functions. The center frequency of the lowpass and 
bandpass 2nd order functions can be either directly depen- 
dent on the clock frequency, or they can depend on both 
clock frequency and external resistor ratios. The center fre- 
quency of the notch and allpass functions is directly depen- 
dent on the clock frequency, while the highpass center fre- 
quency depends on both resistor ratio and clock. Up to 4th 
order functions can be performed by cascading the two 2nd 
order building blocks of the MF10; higher than 4th order 
functions can be obtained by cascading MF10 packages. 
Any of the classical filter configurations (such as Butter- 
worth, Bessel, Cauer and Chebyshev) can be formed. 


Features 

■ Easy to use 

■ Clock to center frequency ratio accuracy ±0.6% 

■ Filter cutoff frequency stability directly dependent on 
external clock quality 

■ Low sensitivity to external component variation 

■ Separate highpass (or notch or allpass), bandpass, low- 
pass outputs 

■ f 0 X Q range up to 200 kHz 

■ Operation up to 30 kHz 

■ 20-pin 0.3" wide Dual-ln-Line package 

■ 20-pin Surface Mount (SO) wide-body package 


System Block Diagram 


V A N/AP/HPa SlA 


BPa 


LPa 



Order Number MF10AJ or MF10CCJ 
See NS Package Number J20A 


Order Number MF10CCWM 
See NS Package Number M20B 


TL/H/5645-1 

Order Number MF10ACN or 
MF10CCN 

See NS Package Number N20A 
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Absolute Maximum Ratings (Notei) 


If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (V+ -V - ) 

14V 

Voltage at Any Pin 

V+ + 0.3V 


V- - 0.3V 

Input Current at any pin (Note 2) 

5 mA 

Package Input Current (Note 2) 

20 mA 

Power Dissipation (Note 3) 

500 mW 

Storage Temperature 

150°C 

ESD Susceptability (Note 11) 

2000V 


Soldering Information 


N Package: 10 sec. 

260°C 

J Package: 1 0 sec. 

300°C 

SO Package: Vapor Phase (60 sec.) 

215°C 

Infrared (15 sec.) 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (appendix D) for other methods of 
soldering surface mount devices. 


Operating Ratings (Notei) 

Temperature Range Tmin ^ Ta ^ Tmax 


MF10ACN, MF10CCN 
MF10CCWM 
MF10CCJ 
MF10AJ 


0°C £ T A £ 70°C 
0°C ^ T a ^ 70°C 
— 40°C <; T a ^ 85°C 
— 55°C £ T a ^ 125°C 


Electrical Characteristics V+ = + 5.00V and V - = - 5.00V unless otherwise specified. 
Boldface limits apply for Tmin to t max: all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

MF10ACN, MF10CCN, 
MF10CCWM 

MF10CCJ, MF10AJ 

Units 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

i 

> 

l 

+ 

> 

Supply Voltage 

MIN 




8 



8 

V 

MAX 




14 



14 

V 


Maximum Supply Current 

Clock Applied to Pins 1 0 & 1 1 
No Input Signal 

8 

12 

12 

B 

12 


mA 

to 

Center Frequency Range 

MIN 

f 0 X Q < 200 kHz 

0.1 


0.2 

111131 


02 

Hz 

MAX 

30 






kHz 

fCLK 

Clock Frequency Range 

MIN 


5.0 


10 



10 

Hz 

MAX 

1.5 


1.0 

BIS 


1.0 

MHz 

fCLK/fo 

50:1 Clock to Center Fre- 
quency Ratio Deviation 

MF10A 

Q = 10 

Mode 1 

Vpinl 2 = 5V 
fCLK = 250 kHz 

±0.2 

±0.6 


wm 

BO 


% 

MF10C 

±0.2 

±1.5 


wm 

BO 


% 

f CLK/fo 

100:1 Clock to Center Fre- 
quency Ratio Deviation 

MF10A 

Q = 10 

Mode 1 

Vpinl 2 = 0V 
fCLK=500 kHz 



± 0.6 | 


BO 


% 

MF10C 





BO 


% 


Clock Feedthrough 

Q = 10 

Mode 1 

b 



B 

Bl 


mV 


Q Error (MAX) 

(Note 4) 

Q = 10 

Mode 1 

Vpinl 2 = 5V 
fCLK=250kHz 

B 



B 



a 

Vpinl 2 = 0V 
fCLK~ 500 kHz 

B 



±2 



% 

Holp 


Model R1 = R2 = 10k 

0 


± 0.2 

0 



dB 

Vosi 

DC Offset Voltage (Note 5) 






BBS t-i 


mV 

V 0S 2 

DC Offset Voltage 
(Note 5) 

MIN 

Vpinl2=+5V 
(fCLK/fo = 50) 

S A /b = v+ 








MAX 



-85 


BO 


IBP f 

susses 

Sa/b = v- 


B 



B 



V 0 s3 

DC Offset Voltage 
(Note 5) 

MIN 

Vpin12=+5V 

(fCLK/fo = 50) 

All Modes 

-70 

-100 

-100 

-70 

-100 


mV 

MAX 


-20 

-20 


-20 


V 0S 2 

DC Offset Voltage 
(Note 5) 

Vpinl 2 = 0V 
(fCLK/fo = 100) 

Sa/b = V+ 

-300 



-300 



mV 

Vpin12 = 0V 
(fCLK/fo = 100) 

Sa/b = V- 

-140 



-140 



mV 

V 0S 3 

DC Offset Voltage 
(Note 5) 

Vpin12 = 0V 
(fCLK/fo = 100) 

All Modes 

-140 



-140 
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Electrical Characteristics (Continued) V+ = + 5.00 V and V - = -5.00V unless otherwise specified. 
Boldface limits apply for Tmin to TmaxI all other limits Ta = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

MF10ACN, MF10CCN, 
MF10CCWM 

MF10CCJ, MF10AJ 

Units 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

< 

o 

c 

Minimum Output 

Voltage Swing 

BP, LP PINS 

RL = 5k 

±4.25 

±3.8 

±3.8 

±4.25 

±3.8 


V 

N/AP/HP PIN 

RL = 3.5k 

±4.25 

±3.8 

±3.8 

±4.25 

±3.6 


V 

GBW 

Op Amp Gain BW Product 


2.5 



2.5 



MHz 

SR 

Op Amp Slew Rate 


7 



7 



V/jas 


Dynamic Range 
(Note 6) 

Vpin12= +5V 
(fCLK/fo = 50) 

83 



m 



dB 

Vpin12 = 0V 
(fCLK/fo = 100) 

80 






dB 

Isc 

Maximum Output Short 
Circuit Current (Note 7) 






ESI 











mA 


Logic Input Characteristics Boldface limits apply for Tmin t0 t max; all other limits t a = T J = 25°C. 


Parameter 

Conditions 

MF10ACN, MF10CCN, 
MF10CCWM 

MF10CCJ, MF10AJ 

Units 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typical 
(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

CMOS Clock 
Input Voltage 

MIN Logical “1” 

V+ = +5V, V- = —5V, 

V LS h = 0V 


+ 3.0 

+ 3.0 


+ 3.0 


V 

MAX Logical “0” 


-3.0 

-3.0 


-3.0 


V 

MIN Logical “1” 

V+ = + 10V, v- = OV, 
V L Sh = +5V 


+ 8.0 

+ 8.0 


+ 8.0 


V 

MAX Logical “0” 


+ 2.0 

+ 2.0 


+ 2.0 


V 

TTL Clock 
Input Voltage 

MIN Logical “1” 

V + = +5V.V- = —5V, 
V L Sh = 0V 


+ 2.0 

+ 2.0 


+ 2.0 


V 

MAX Logical “0” 


+ 0.8 

+ 0.8 


+ 0.8 


V 

MIN Logical “1” 

V+ = +10V, V- = 0V, 
VLSh = 0 V 


+ 2.0 

+ 2.0 


+ 2.0 


V 

MAX Logical “0” 


+ 0.8 

+ 0.8 


+ 0.8 


V 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V - or Vin > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja. and the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125°C, and the typical junction-to-ambient thermal resistance of the MF10ACN/CCN when board mounted is 55°C/W. For the MF10AJ/CCJ, this 
number increases to 95°C/W and for the MF10CCWM this number is 66°C/W. 

Note 4: The accuracy of the Q value is a function of the center frequency (f 0 ). This is illustrated in the curves under the heading “Typical Peformance Characteris- 
tics”. 

Note 5: V os i, V 0S 2 , and V 0S 3 refer to the internal offsets as discussed in the Applications Information section 3.4. 

Note 6: For ±5V supplies the dynamic range is referenced to 2.82V rms (4V peak) where the wideband noise over a 20 kHz bandwidth is typically 200 rms for 
the MF10 with a 50:1 CLK ratio and 280 ju,V rms for the MF10 with a 100:1 CLK ratio. 

Note 7: The short circuit source current is measured by forcing the output that is being tested to its maximum positive voltage swing and then shorting that output to 
the negative supply. The short circuit sink current is measured by forcing the output that is being tested to its maximum negative voltage swing and then shorting 
that output to the positive supply. These are the worst case conditions. 

Note 8: Typicals are at 25°C and represent most likely parametric norm. 

Note 9: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 11: Human body model, 100 pF discharged through a 1.5 kll resistor. 
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8.0 9.0 10.0 11.0 12.0 13.0 14.0 

POWER SUPPLY VOLTAGE (V) 


LOAD RESISTANCE (Ohms) 


10K 100K 

LOAD RESISTANCE (Ohms) 


Negative Output Swing 
vs. Temperature 





1 






-V S ±5V- 


7 ! 




V 



-4.1 

•4.2 

NOTCH 

(R L =3.5KOhm) 

> 

t 

— 

— 







-A. A. 


L_ 



L 


BANDPASS AND LOWPASS 
^ 1 — R L =5.0K0hm) J — 

■I i iii i n 

•55 -15 25 85 125 

TEMPERATURE (°C) 


Positive Output Swing 
vs. Temperature 



-55 -15 25 85 125 

TEMPERATURE (°C) 


Crosstalk vs. Clock 
Frequency 

VS = ±5V 1 

-TA = 25°C-j 

MODE 1 | 

-30 -NOMINAL Q= 10.0 / 


500 

CLOCK FREQUENCY (KHz) 


Q Deviation vs. 
Temperature 






Vi 

- 



I 




NOMINAL Q= 
MODF iJ 

0.0 

I 




f CLK 

=500KHz 

| 


l 




f CLK 

= 100:1 


5 V 









3 ^ 









5 




s 

5s 



z 








7^ 



■55 -15 25 85 125 

TEMPERATURE (°C) 


Q Deviation vs. 
Temperature 


V S =t5V | | 
NOMINAL Q=1 0.0 

-MODE It - 1 

_ f r , i/=250KHz _ 


-55 -15 25 85 

TEMPERATURE (°C) 


Q Deviation vs. 
Clock Frequency 

6.0 | 1 1 1 1 1 1 — 

55 ^V s =t5V 



100 200 300 400 500 600 700 800 900 1000 
CLOCK FREQUENCY (KHz) 


Q Deviation vs. 
Clock Frequency 


fclk/fo Deviation vs. 
Temperature 


fdk/fo Deviation vs. 
Temperature 













Typical Performance Characteristics (Continued) 


fcu</fo Deviation vs. 



100 200 300 400 500 600 700 BOO 900 1000 


CLOCK FREQUENCY (KHz) 


fcLK/fo Deviation vs. 
Clock Frequency 



CLOCK FREQUENCY (KHz) 

TL/H/5645-15 



0.1 1.0 10 100 


NOMINAL Q 


TL/H/5645-16 


Deviation of vs. 
Nominal Q ° 



TL/H/5645-17 


Connection Diagram 

Surface Mount and 
Dual-ln-Llne Package 


LPa- 

1 



20 

-lp b 

bp a - 

2 

19 

-bp b 

n/ap/hp a - 

3 

18 

-N/AP/HP b 

inv a - 

4 

17 

— inv b 

si a — 

5 

16 

— S1 B 

S A/B~ 

6 

15 

— AGND 

v- 

7 

14 

-v A - 

v- 

8 

13 

-v 

LSh — 

9 

12 

-50/ 100/ CL 

clk a - 

10 

11 

-CLK b 


TL/H/5645-18 

Top View 

Pin Descriptions 

LP(1,20), BP(2,19), The second order lowpass, band- 
N/AP/HP(3,18) pass and notch/allpass/highpass 
outputs. These outputs can typically 
sink 1 .5 mA and source 3 mA. Each 
output typically swings to within 1 V 
of each supply. 


INV(4,17) 


SI (5,1 6) 


Sa/b(6) 


The inverting input of the summing 
op-amp of each filter. These are high 
impedance inputs, but the non-in- 
verting input is internally tied to 
AGND, making INVa and INVb be- 
have like summing junctions (low im- 
pedance, current inputs). 

SI is a signal input pin used in the 
allpass filter configurations (see 
modes 4 and 5). The pin should be 
driven with a source impedance of 
less than 1 kft. If SI is not driven 
with a signal it should be tied to 
AGND (mid-supply). 

This pin activates a switch that con- 
nects one of the inputs of each fil- 
ter’s second summer to either AGND 
(Sa/b tied to V - ) or to the lowpass 
(LP) output (Sa/b tied to V+). This 
offers the flexibility needed for con- 
figuring the filter in its various modes 
of operation. 
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Pin Descriptions (Continued) 

V/\+(7), Vq+( 8) Analog positive supply and digital 
positive supply. These pins are inter- 
nally connected through the 1C sub- 
strate and therefore Va + and Vp+ 
should be derived from the same 
power supply source. They have 
been brought out separately so they 
can be bypassed by separate capac- 
itors, if desired. They can be exter- 
nally tied together and bypassed by a 
single capacitor. 

Va“( 14), Vp— (13) Analog and digital negative supplies. 

The same comments as for Va~ and 
V D ~ apply here. 

LSh(9) Level shift pin; it accommodates vari- 

ous clock levels with dual or single 
supply operation. With dual ±5V 
supplies, the MF10 can be driven 
with CMOS clock levels (±5V) and 
the LSh pin should be tied to the sys- 
tem ground. If the same supplies as 
above are used but only TTL clock 
levels, derived from OV to + 5V sup- 
ply, are available, the LSh pin should 
be tied to the system ground. For sin- 
gle supply operation (OV and + 1 0V) 
the Va“, Vd“ pins should be con- 
nected to the system ground, the 
AGND pin should be biased at +5V 
and the LSh pin should also be tied 
to the system ground for TTL clock 
levels. LSh should be biased at + 5V 
for CMOS clock levels in 1 0V single- 
supply applications. 

CLKA(IO), Clock inputs for each switched ca- 

CLKB(1 1) pacitor filter building block. They 

should both be of the same level 
(TTL or CMOS). The level shift (LSh) 
pin description discusses how to ac- 
commodate their levels. The duty cy- 
cle of the clock should be close to 
50% especially when clock frequen- 
cies above 200 kHz are used. This 
allows the maximum time for the in- 
ternal op-amps to settle, which yields 
optimum filter operation. 

50/100/CL(12) By tying this pin high a 50:1 clock-to- 
filter-center-frequency ratio is ob- 
tained. Tying this pin at mid-supplies 
(i.e., analog ground with dual sup- 
plies) allows the filter to operate at a 
100:1 clock-to-center-frequency ra- 
tio. When the pin is tied low (i.e., neg- 
ative supply with dual supplies), a 
simple current limiting circuit is trig- 
gered to limit the overall supply cur- 
rent down to about 2.5 mA. The filter- 
ing action is then aborted. 


AGND(15) 


This is the analog ground pin. This 
pin should be connected to the sys- 
tem ground for dual supply operation 
or biased to mid-supply for single 
supply operation. For a further dis- 
cussion of mid-supply biasing tech- 
niques see the Applications Informa- 
tion (Section 3.2). For optimum filter 
performance a “clean” ground must 
be provided. 


1.0 Definitions of Terms 

fcLK'- the frequency of the external clock signal applied to 
pin 10 or 11. 

f 0 : center frequency of the second order function complex 
pole pair. f 0 is measured at the bandpass outputs of the 
MF10, and is the frequency of maximum bandpass gain. 
{Figure 1). 

f no tch : the frequency of minimum (ideally zero) gain at the 
notch outputs. 

f z : the center frequency of the second order complex zero 
pair, if any. If f z is different from f 0 and if Q z is high, it can be 
observed as the frequency of a notch at the allpass output. 
{Figure 10). 

Q: “quality factor” of the 2nd order filter. Q is measured at 
the bandpass outputs of the MF10 and is equal to f 0 divided 
by the — 3 dB bandwidth of the 2nd order bandpass filter 
{Figure 1). The value of Q determines the shape of the 2nd 
order filter responses as shown in Figure 6. 

Q z : the quality factor of the second order complex zero pair, 
if any. Qz is related to the allpass characteristic, which is 
written: 


Hqap s2 - 


Hap(s) = ■ 


S 2 + ^+ 0) o 2 


where Qz = Q for an all-pass response. 

Hobp- the gain (in V/V) of the bandpass output at f = f 0 . 
Holp‘- the gain (in V/V) of the lowpass output as f — ► 0 Hz 
{Figure 2). 

h ohp : the gain (in V/V) of the highpass output as f — ► 
f C l k /2 {Figure 3). 

Hon: the gain (in V/V) of the notch output as f — ► 0 Hz 
and as f — ► f C iK /2 > when the notch filter has equal gain 
above and below the center frequency {Figure 4). When the 
low-frequency gain differs from the high-frequency gain, as 
in modes 2 and 3a {Figures 1 1 and 8 ), the two quantities 
below are used in place of Hon- 

Horn: the gain (in V/V) of the notch output as f — ► 0 Hz. 
Hqn 2 : the gain (in V/V) of the notch output as f — ► f C | k /2. 
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1.0 Definitions of Terms (Continued) 



f (LOG SCALE) 

TL/H/5645-25 

(a) 



(b) 


FIGURE 4. 2nd-Order Notch Response 


H N (s) = 


H ON(S 2 + ft>o 2 ) 
s2 + + ft>o 2 


Q = fH ' f ° f L > f 0 = ^ f L f H 

= 5 + V(ik) 2 + 1 ) 

,H = ,0 (i 5 + V(ik) 2 + 1 ) 



fo 

f (LOG SCALE) 

TL/H/5645-27 


(a) 



(b) 

FIGURE 5. 2nd-Order All-Pass Response 


Hap(s) = 


HoAP (s 2 - ^ + o> 0 2 ) 
S 2 + ^W 



0.1 0.5 1 2 5 10 


FREQUENCY (Hz) 


(b) Low Pass 



0.1 0.2 0.5 1.0 2.0 5.0 10 


FREQUENCY (Hz) 



0.1 0.2 0.5 1.0 2 5 10 


FREQUENCY (Hz) 



0.1 0.2 0.5 1.0 2 10 


(e) All-Pass 



FREQUENCY (Hz) 


FREQUENCY (Hz) 


FIGURE 6. Response of various 2nd-order filters as a function of Q. Gains 
and center frequencies are normalized to unity. 
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2.0 Modes of Operation 

The MF10 is a switched capacitor (sampled data) filter. To 
fully describe its transfer functions, a time domain approach 
is appropriate. Since this is cumbersome, and since the 
MF10 closely approximates continuous filters, the following 
discussion is based on the well known frequency domain. 
Each MF10 can produce a full 2nd order function. See Ta- 
ble 1 for a summary of the characteristics of the various 
modes. 

MODE 1: Notch 1, Bandpass, Lowpass Outputs: 

f notch = fo (See Figure 7) 
f 0 = center frequency of the complex pole pair 

= f CLK fCLK 
100 50 

fnotch = center frequency of the imaginary zero pair = f 0 . 
Holp = Lowpass gain (as f — > 0) = 

Hobp = Bandpass gain (at f = f 0 ) = 

Hqn = Notch output gain as f — > o 


Q = 

BW R2 

= quality factor of the complex pole pair 

BW = the -3 dB bandwidth of the bandpass 
output. 

Circuit dynamics: 

Holp = ^ BP or Hobp = Holp x Q 
= Hqn x Q- 

HoLP(peak) = Q X H 0 lp (for high Q’s) 

MODE la: Non-Inverting BP, LP (See Figure 8) 


fo 


R2 



R1 


Q 

R3 


Holp 

R1 





h obp< 

u 

-r 2 


■ J 

Ri 

HqBP' 


fCLK fCLK 
100 50 

R3 
R2 


Holp = — 1; HoLP(peak) — Q x Holp (for high Q’s) 
R3 


R2 


Circuit dynamics: HqbPi = Q 

Note: V|n should be driven from a low impedance (<1 kn) source. 



? 


Vim 
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2.0 Modes of Operation (Continued) 

MODE 2: Notch 2, Bandpass, Lowpass: f n otch < 
(See Figure 9) 
f 0 = center frequency 

_ f CLK 
50 


_ f CLK / R2 | ior fcLK /5£ 
100 VR4 50 V R4 


+ 1 


4 _ f CLK fCLK 

notch 100 0r 50 

Q = quality factor of the complex pole pair 
_ VR2/R4 + 1 
R2/R3 

h OLP = Lowpass output gain (as f — > 0) 

R2/R1 
R2/R4 + 1 

h obp = Bandpass output gain (at f = f 0 ) = - R3/R1 
h ONi = Notch output gain (as f — > 0) 

R2/R1 
R2/R4 + 1 

Hqn 2 = Notch output gain ^asf — * = -R2/R1 

Filter dynamics: Hobp = Q V Hqlp H 0N2 = V Hqn-i H 0N2 


MODE 3: Highpass, Bandpass, Lowpass Outputs 
(See Figure 10) 

52 

R4 

= quality factor of the complex pole pair 


; !CLK X /R2 or fCLK x 

100 v R4 50 


JR2 R3 
_ V R4 X R2 


Hqhp = Highpass gain 


1 in(a*f-^) = 


R2 

R1 


R3 

Hobp = Bandpass gain (at f = f 0 ) = - — 

R1 

R4 

Holp — Lowpass gain (as f — ► 0) = - — - 

R1 

Circuit dynamics: =7 ^^; Hqbp = >/Hohp x h olp x Q 

R4 Hqlp 

HoLP(peak) = Q X Hqlp (for high Q’s) 

HoHP(peak) = Q X Hqhp (for high Q’s) 


R4 



r 


«c 

-Ih 


n 



*ln Mode 3, the feedback loop is closed 
around the input summing amplifier; the 
finite GBW product of this op amp caus- 
es a slight Q enchancement. If this is a 
problem, connect a small capacitor 
(10 pF-100 pF) across R4 to provide 
some phase lead. 


TL/H/5645-5 
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2.0 Modes of Operation (Continued) 

MODE 3a: HP, BP, LP and Notch with External Op Amp 
(See Figure 11) 

_ f CLK , 


fo 

Q 

Hohp 

HoBP 

Holp 

fn 

Hon 

Hnl 

H n2 


100 

lR2 


Por^X. 
/ R4 50 


R3 

V R4 X R2 
_R2 
R1 

= _R3 

R1 

R1 

= notch frequency = 


f CLK 

100 


= gain of notch at 


f “fo 


Q 


Ph f CU< /BE 
V R| 50 v R| 


(^ h ° lp_ S hohp )I 


: gain of notch (as f — * 0) = — ^ x Hqlp 


R| 


= gain of notch 


(»' - ,j f) 


= -^ xH 0 H P 


MODE 4: Allpass, Bandpass, Lowpass Outputs 
(See Figure 12) 
f 0 = center frequency 

= !CLK f CLK . 

100 50 ’ 

f z * = center frequency of the complex zero ~ f 0 

Q =^ = 52; 

BW R2 

R3 

Q z = quality factor of complex zero pair =— 

R1 

For AP output make R1 = R2 
Hoap* = Allpass gain ^atO < f < = - 5? = - i 

Holp = Lowpass gain (as f — > 0) 

~GH— 

Hqbp = Bandpass gain (at f = f 0 ) 

R3 / R2\ /R3\ 

R2 V 1 + R1 j 2 V R2 / 

Circuit dynamics: Hqbp = (Holp) x Q = (Hqap + 1)Q 

*Due to the sampled data nature of the filter, a slight mismatch of f z and f 0 
occurs causing a 0.4 dB peaking around f D of the allpass filter amplitude 
response (which theoretically should be a straight line). If this is unaccept- 
able, Mode 5 is recommended. 



NOTCH 

“OUT 
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2.0 Modes of Operation (Continued) 

MODE 5: Numerator Complex Zeros, BP, LP 


(See Figure 13) 


*0 


R2 

1 x 
R4 

f CLK 

50 

f 2 

R3 

' R1 

R4 X 

f CLK 

50 

Q 

= vi + R2/R4 X — 

R2 

R3 



Qz 

= fi ~R1/R4x£— 

R1 




HOzi 


H0 z2 

Hobp 

HqLP 


= gain at C.Z. output (as f — > 0 Hz) 
~R2(R4 - R1) 

R1(R2 + R4) 

= gain at C.Z. output ^asf — > 

/ R2 \ R3 
VR1 + 1 J X R2 
= / R2 + R1 \ R4 

\R2 + R4/ X R1 


MODE 6a: Single Pole, HP, LP Filter (See Figure 14) 
f c = cutoff frequency of LP or HP output 

= R2fcLK Qr R2fcLK 
R3 100 R3 50 



Hohp = ~rT 

MODE 6b: Single Pole LP Filter (Inverting and Non-In 
verting) (See Figure 15) 
f c = cutoff frequency of LP outputs 

_ R2 f CLK R2 f C LK 
R3 100 R3 50 


HoLP-i 

Hqlp 2 


= 1 (non-inverting) 

= _55 

R2 





FIGURE 15. MODE 6b 
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2.0 Modes of Operation (continued) 

TABLE 1. Summary of Modes. Realizable filter types (e.g. low-pass) denoted by asterisks. 

Unless otherwise noted, gains of various filter outputs are inverting and adjustable by resistor ratios. 

Mode 

BP 

LP 

HP 

N 

AP 

Number of 

resistors 

Adjustable 

fcLK/fo 

Notes 

1 

* 

- 


* 


3 

No 


la 

(2) 

Hobpi = -Q 

HOBP2 = + 1 

HolP + 1 




2 

No 

May need input buf- 
fer. Poor dynamics 
for high Q. 

2 

* 

* 


* 


3 

Yes (above 
fCLK^ 50 or 

fCLK/100) 


3 

* 

* 

* 



4 

Yes 

Universal State- 

Variable Filter. Best 
general-purpose mode. 

3a 

* 

* 

* 

* 


7 

Yes 

As above, but also 
includes resistor- 

tuneable notch. 

4 

* 

* 



* 

3 

No 

Gives Allpass res- 
ponse with Hqap = — 1 
and Hqlp = -2. 

5 

* 

♦ 



* 

4 


Gives flatter allpass 
response than above 
if Ri = R2 = O.O2R4. 

6a 


* 

* 



3 


Single pole. 

6b 


(2) 

Holpi = + 1 
u _ -R3 

H OLP2 - -pj- 




2 


Single pole. 

3.0 Applications Information 

The MF10 is a general-purpose dual second-order state 
variable filter whose center frequency is proportional to the 
frequency of the square wave applied to the clock input 
(fcLK)- By connecting pin 12 to the appropriate DC voltage, 
the filter center frequency f 0 can be made equal to either 
fcLK^ 100 or fcLK/50. f 0 can be very accurately set (within 
±6%) by using a crystal clock oscillator, or can be easily 
varied over a wide frequency range by adjusting the clock 
frequency. If desired, the fcLK^o ratio can be altered by 
external resistors as in Figures 9, 10, 1 1, 13, 14 and 15. The 
filter Q and gain are determined by external resistors. 

All of the five second-order filter types can be built using 
either section of the MF1 0. These are illustrated in Figures 1 
through 5 along with their transfer functions and some relat- 
ed equations. Figure 6 shows the effect of Q on the shapes 
of these curves. When filter orders greater than two are 
desired, two or more MF10 sections can be cascaded. 

3.1 DESIGN EXAMPLE 

In order to design a second-order filter section using the 
MF10, we must define the necessary values of three param- 
eters: fo, the filter section’s center frequency; Ho, the pass- 
band gain; and the filter’s Q. These are determined by the 
characteristics required of the filter being designed. 

As an example, let’s assume that a system requires a 
fourth-order Chebyshev low-pass filter with 1 dB ripple, unity 
gain at dc, and 1000 Hz cutoff frequency. As the system 
order is four, it is realizable using both second-order sec- 
tions of an MF10. Many filter design texts (and National’s 
Switched Capacitor Filter Handbook) include tables that list 
the characteristics (fo and Q) of each of the second-order 
filter sections needed to synthesize a given higher-order fil- 
ter. For the Chebyshev filter defined above, such a table 
yields the following characteristics: 
f 0A = 529 Hz Q a = 0.785 

f 0B = 993 Hz Q b = 3.559 

For unity gain at dc, we also specify: 

h 0 a = 1 

Hob = 1 

The desired clock-to-cutoff-frequency ratio for the overall 
filter of this example is 100 and a 100 kHz clock signal is 
available. Note that the required center frequencies for the 
two second-order sections will not be obtainable with clock- 
to-center-frequency ratios of 50 or 100. It will be necessary 
fr*IK 

to adjust externally. From Table 1, we see that Mode 3 

TO 

can be used to produce a low-pass filter with resistor-adjust- 
able center frequency. 
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3.0 Applications Information (Continued) 

In most filter designs involving multiple second-order 
stages, it is best to place the stages with lower Q values 
ahead of stages with higher Q, especially when the higher Q 
is greater than 0.707. This is due to the higher relative gain 
at the center frequency of a higher-Q stage. Placing a stage 
with lower Q ahead of a higher-Q stage will provide some 
attenuation at the center frequency and thus help avoid clip- 
ping of signals near this frequency. For this example, stage 
A has the lower Q (0.785) so it will be placed ahead of the 
other stage. 

For the first section, we begin the design by choosing a 
convenient value for the input resistance: Ria = 20k. The 
absolute value of the passband gain Hqlpa is made ec l ual 
to 1 by choosing R4A such that: R4A = ~Holpa r ia = r ia 
= 20k. If the 50/100/CL pin is connected to mid-supply for 
nominal 100:1 clock-to-center-frequency ratio, we find R2A 
by: 


R 2A = R 4A 


fQA 2 

(fCLK/100)2 


= 2 X 104 X 


(529)2 

(1000)2 


= 5.6k and 


R 3A = Q A VR 2 A r 4A = 0.785V5.6 X 10^ X 2 X 104 = 8.3k 
The resistors for the second section are found in a similar 
fashion: 


R 1b = 20k 
r 4B = r ib = 20k 


Job 2 


: = 20 k i^i= 19 . 7k 


RZB R4B (fcLK/1°0) 2 "“"(1000)2 

R3B = Q B VR2 bR 4B =3.559^1.97 X 104 X 2 X 104 = 70.6k 


The complete circuit is shown in Figure 16 for split ± 5V 
power supplies. Supply bypass capacitors are highly recom- 
mended. 



TL/H/5645-30 

FIGURE 16. Fourth-order Chebyshev low-pass filter from example in 3.1. 

± 5V power supply. 0-5V TTL or - 5V ± 5V CMOS logic levels. 



FIGURE 17. Fourth-order Chebyshev low-pass filter from example in 3.1. Single + 10V power supply. 0-5V TTL logic 
levels. Input signals should be referred to half-supply or applied through a coupling capacitor. 
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3.0 Applications Information (Continued) 

v + v+=iov 



(a) Resistive Divider with 
Decoupling Capacitor 



v+ 



with Divider 


V + 

FIGURE 18. Three Ways of Generating — for Single-Supply Operation 


3.2 SINGLE SUPPLY OPERATION 

The MF10 can also operate with a single-ended power sup- 
ply. Figure 17 shows the example filter with a single-ended 
power supply. Va + and Vd + are again connected to the 
positive power supply (8 to 14 volts), and Va“ and are 
connected to ground. The Aqnd P' n must be tied to V+/2 
for single supply operation. This half-supply point should be 
very “clean”, as any noise appearing on it will be treated as 
an input to the filter. It can be derived from the supply volt- 
age with a pair of resistors and a bypass capacitor {Figure 
18a), or a low-impedance half-supply voltage can be made 
using a three-terminal voltage regulator or an operational 
amplifier {Figures 18b and 18c). The passive resistor divider 
with a bypass capacitor is sufficient for many applications, 
provided that the time constant is long enough to reject any 
power supply noise. It is also important that the half-supply 
reference present a low impedance to the clock frequency, 
so at very low clock frequencies the regulator or op-amp 
approaches may be preferable because they will require 
smaller capacitors to filter the clock frequency. The main 
power supply voltage should be clean (preferably regulated) 
and bypassed with 0.1 jllF. 

3.3 DYNAMIC CONSIDERATIONS 

The maximum signal handling capability of the MF10, like 
that of any active filter, is limited by the power supply volt- 
ages used. The amplifiers in the MF10 are able to swing to 
within about 1 volt of the supplies, so the input signals must 
be kept small enough that none of the outputs will exceed 
these limits. If the MF10 is operating on ±5 volts, for exam- 
ple, the outputs will clip at about 8V p . p . The maximum input 
voltage multiplied by the filter gain should therefore be less 
than 8V p . p . 

Note that if the filter Q is high, the gain at the lowpass or 
highpass outputs will be much greater than the nominal filter 


gain {Figure 6). As an example, a lowpass filter with a Q of 
1 0 will have a 20 dB peak in its amplitude response at f 0 . If 
the nominal gain of the filter Holp is equal to 1, the gain at 
f 0 will be 10. The maximum input signal at f 0 must therefore 
be less than 800 mV p . p when the circuit is operated on ±5 
volt supplies. 

Also note that one output can have a reasonable small volt- 
age on it while another is saturated. This is most likely for a 
circuit such as the notch in Mode 1 {Figure 7). The notch 
output will be very small at fo. so it might appear safe to 
apply a large signal to the input. However, the bandpass will 
have its maximum gain at f 0 and can clip if overdriven. If one 
output clips, the performance at the other outputs will be 
degraded, so avoid overdriving any filter section, even ones 
whose outputs are not being directly used. Accompanying 
Figures 7 through 15 are equations labeled “circuit dynam- 
ics”, which relate the Q and the gains at the various outputs. 
These should be consulted to determine peak circuit gains 
and maximum allowable signals for a given application. 

3.4 OFFSET VOLTAGE 

The MFIO’s switched capacitor integrators have a higher 
equivalent input offset voltage than would be found in a 
typical continuous-time active filter integrator. Figure 19 
shows an equivalent circuit of the MF10 from which the out- 
put dc offsets can be calculated. Typical values for these 
offsets with Sa/b tied to V+ are: 

Vqsi = opamp offset = ±5mV 

V 0S 2 = -150 mV @ 50:1 -300 mV @100:1 

V 0S 3 = -70 mV @ 50:1 -140 mV @ 100:1 

When Sa/b is tied to V~, V os 2 will approximately halve. The 
dc offset at the BP output is equal to the input offset of the 
lowpass integrator (V os3 ). The offsets at the other outputs 
depend on the mode of operation and the resistor ratios, as 
described in the following expressions. 
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3.0 Applications Information (Continued) 

Mode 1 and Mode 4 

VoS(N) = V 0 S 1 Qj + 1 + || h OLp|| ) “ 

VOS(BP) = V 0 S3 

VoS(LP) = Vqs(N) - VqS 2 

Mode la 

Vos(N.INV.BP) = (l + i) Vosi - ^ 

Vos(INV.BP) = V 0S3 

Vqs(LP) = Vos(N.INV.BP) - V 0S 2 


Mode 2 and Mode 5 


VOS(N) 

.(52 + , 

\Rp 

1 ) V uSt - 1 + R2/R4 


1 v 1 V ° S3 

0S2 1 + R4/R2 QV1+R2/R4 


R P = 

= R1//R3//R4 

VoS(BP) 

= V OS3 


VoS(LP) 

= V OS(N) “ 

- VoS2 

Mode 3 



VoS(HP) 

= V OS2 


VoS(BP) 

= V 0 S3 


v OS(LP) 

= V OS1 [l 



L np 

■ V ° S3 (1) 


Rp = R1//R2//R3 



5V SUPPLY 



FIGURE 20. Method for Trimming Vqs 
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3.0 Applications Information (Continued) 

For most applications, the outputs are AC coupled and DC 
offsets are not bothersome unless large signals are applied 
to the filter input. However, larger offset voltages will cause 
clipping to occur at lower ac signal levels, and clipping at 
any of the outputs will cause gain nonlinearities and will 
change f 0 and Q. When operating in Mode 3, offsets can 
become excessively large if R2 and R4 are used to make 
fcLK^o significantly higher than the nominal value, especial- 
ly if Q is also high. An extreme example is a bandpass filter 
having unity gain, a Q of 20, and fci_K/fo = 250 with pin 1 2 
tied to ground (100:1 nominal). R4/R2 will therefore be 
equal to 6.25 and the offset voltage at the lowpass output 
will be about + IV. Where necessary, the offset voltage can 
be adjusted by using the circuit of Figure 20. This allows 
adjustment of V os i, which will have varying effects on the 
different outputs as described in the above equations. Some 
outputs cannot be adjusted this way in some modes, how- 
ever (V 0 S (bp) in modes la and 3, for example). 

3.5 SAMPLED DATA SYSTEM CONSIDERATIONS 

The MF10 is a sampled data filter, and as such, differs in 
many ways from conventional continuous-time filters. An im- 
portant characteristic of sampled-data systems is their ef- 
fect on signals at frequencies greater than one-half the 
sampling frequency. (The MFIO’s sampling frequency is the 
same as its clock frequency.) If a signal with a frequency 
greater than one-half the sampling frequency is applied to 
the input of a sampled data system, it will be “reflected” to 
a frequency less than one-half the sampling frequency. 
Thus, an input signal whose frequency is f s /2 + 100 Hz will 
cause the system to respond as though the input frequency 


was f s /2 - 100 Hz. This phenomenon is known as “alias- 
ing”, and can be reduced or eliminated by limiting the input 
signal spectrum to less than f s /2. This may in some cases 
require the use of a bandwidth-limiting filter ahead of the 
MF10 to limit the input spectrum. However, since the clock 
frequency is much higher than the center frequency, this will 
often not be necessary. 

Another characteristic of sampled-data circuits is that the 
output signal changes amplitude once every sampling peri- 
od, resulting in “steps” in the output voltage which occur at 
the clock rate. {Figure 21) If necessary, these can be 
“smoothed” with a simple R-C low-pass filter at the MF10 
output. 

The ratio of fci_K t0 fc (normally either 50:1 or 100:1) will 
also affect performance. A ratio of 100:1 will reduce any 
aliasing problems and is usually recommended for wide- 
band input signals. In noise sensitive applications, however, 
a ratio of 50:1 may be better as it will result in 3 dB lower 
output noise. The 50:1 ratio also results in lower DC offset 
voltages, as discussed in 3.4. 

The accuracy of the fci_K/fo ratio is dependent on the value 
of Q. This is illustrated in the curves under the heading 
“Typical Performance Characteristics”. As Q is changed, 
the true value of the ratio changes as well. Unless the Q is 
low, the error in fcu</fo will be small. If the error is too large 
for a specific application, use a mode that allows adjustment 
of the ratio with external resistors. 

It should also be noted that the product of Q and f 0 should 
be limited to 300 kHz when f 0 < 5 kHz, and to 200 kHz for 
f 0 > 5 kHz. 
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Analog Switch 
Definition of Terms 


Ron" Resistance between the output and the input of an 
addressed channel. 

Is: Current at any switch input. This is leakage current when 
the switch is ON. 

Iq: Current at any switch input going into the switch. This is 
leakage current when the switch is OFF. 

Cs: Capacitance between any open terminal “S” and 
ground. 

Cq: Capacitance between any open terminal “D” and 
ground. 


Id- ls= Leakage current that flows from the closed switch 
into the body. This leakage is the difference between the 
current Ip going into the switch and the current Is going out 
of the switch. 

Iran: Delay time when switching from one address state to 
another. 

toN: Delay time between the 50% points of an enable input 
and the switch ON condition. 

toFF: Delay time between the 50% points of the enable 
input and the switch OFF condition. 
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Analog Switch/Multiplexer Selection Guide 


Part Number 

Function 

Logic Input 

Vs 

(Typ) 

t on/ t off 
ns (Typ) 

Ron 

n 

AH5011 

QUAD SPST 

TTL, CMOS 

— 

150/300 

100 

AH5012 


TTL, CMOS 

— 

150/300 

150 

CD4016 


CMOS 

±7.5 

20/40 

850 

CD4066 


CMOS 

±7.5 

25/50 

280 

LF11 201 /LF1 3201 


TTL 

±15 

90/500 

200 

LF1 1 202/LF1 3202 


TTL 

±15 

90/500 

200 

LF11 331 /LF1 3331 


TTL 

±15 

90/500 

200 

LF1 1332/LF13332 


TTL 

±15 

90/500 

200 

LF1 1 333/LF1 3333 


TTL 

±15 

90/500 

200 

MM74HC4016 


CMOS 

±12 

5/8 

40 

AH5020 

DUAL SPDT 

TTL, CMOS 

— 

150/300 

150 

CD4053 

TRIPLE SPDT 

CMOS 


- V / ' ■■■■; -v 


MM74HC4053 


CMOS 




AH5009 

4-CHANNEL 

TTL, CMOS 




AH5010 


TTL, CMOS 

i — ; 

: J illii 


CD4052 

4-CHANNEL 

CMOS 


160/75 

300 

CD4529B 

DIFFERENTIAL 

CMOS 


50 

350 

LF13509 


TTL, CMOS 


1600/200 

350 

MM74HC4052 


CMOS 


15/16 

40 

CD4051 

8-CHANNEL 

CMOS 

±7.5 

160/75 

300 

CD4529B 


CMOS 

±7.5 

50 

350 

LF13508 


TTL, CMOS 

±18 

1600/200 

350 

MM74HC4051 


CMOS 

±6.0 

15/16 

40 














National 

Semiconductor 


AH0014/AH0014C DPDT/ AH0015/AH0015C Quad 
SPST/ AH0019/AH0019C Dual DPST-TTL/DTL 
Compatible MOS Analog Switches 


General Description 

This series of TTL/DTL compatible MOS analog switches 
feature high speed with internal level shifting and driving. 
The package contains two monolithic integrated circuit 
chips: the MOS analog chip consists of four MOS analog 
switch transistors; the second chip is a bipolar I.C. gate and 
level shifter. The series is available in hermetic dual-in-line 
package. 

These switches are particularly suited for use in both military 
and industrial applications such as commutators in data ac- 
quisition systems, multiplexers, A/D and D/A converters, 
long time constant integrators, sample and hold circuits, 
modulators/demodulators, and other analog signal switch- 
ing applications. 

The AH0014, AH0015 and AH0019 are specified for opera- 
tion over the -55°C to + 125°C military temperature range. 
The AH0014C, AH0015C and AH0019C are specified for 
operation over the -25°C to +85°C temperature range. 


Features 

■ Large analog voltage switching ±10V 

■ Fast switching speed 500 ns 

■ Operation over wide range of power supplies 

■ Low ON resistance 200H 

■ High OFF resistance lO^n 

■ Analog signals in excess of 25 MHz 

■ Fully compatible with DTL or TTL logic 

■ Includes gating and level shifting 


Block and Connection Diagrams 


Quad SPST 


Dual DPST 


ANALOG 
IN A1 
ANALOG 
IN B1 

ANALOG 
IN A2 
ANALOG 
IN B2 



LOGIC 


A I 
LOGIC 
B 




B1 B2 


TL/H/5563-3 


TL/H/5563-1 

Note: All logic inputs shown at logic "1”. 

Order Number AH0014D or 
AH0014CD 

See NS Package Number D14D 


Note: All logic inputs shown at logic “1”. 


Order Number AH0015D or 
AH0015CD 

See NS Package Number D16C 


Note: All logic inputs shown at logic "1”. 


Order Number AH0019D or 
AH0019CD 

See NS Package Number D14D 
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AH5009/ AH50 1 0/AH50 1 1/AH5012 



National 

Semiconductor 

Corporation 


AH5009, AH5010, AH501 1, AH5012 Monolithic 
Analog Current Switches 


General Description 

A versatile family of monolithic JFET analog switches eco- 
nomically fulfills a wide variety of multiplexing and analog 
switching applications. 

Even numbered switches may be driven directly from stan- 
dard 5V logic, whereas the odd numbered switches are in- 
tended for applications utilizing 10V or 15V logic. The mono- 
lithic construction guarantees tight resistance match and 
track. 

For voltage switching applications see LF13331, LF13332, 
and LF13333 Analog Switch Family, or the CMOS Analog 
Switch Family. 

Applications 

■ A/D and D/A converters 

■ Micropower converters 

■ Industrial controllers 

■ Position controllers 


■ Active filters 

■ Signal multiplexers/demultiplexers 

■ Multiple channel AGC 

■ Quad compressors/expanders 

■ Choppers/demodulators 

■ Programmable gain amplifiers 

■ High impedance voltage buffer 

■ Sample and hold 

Features 

■ Interfaces with standard TTL and CMOS 

■ “ON” resistance match 

■ Low “ON” resistance 

■ Very low leakage 

■ Large analog signal range 

■ High switching speed 

■ Excellent isolation between 
channels 


■ Data acquisition 


2ft 
100ft 
50 pA 
± 1 0V peak 
150 ns 
80 dB 
at 1 kHz 


Connection and Schematic Diagrams (All switches shown are for logical “1” input) 

Dual-ln-Line Package Dual-In-Line Package 


, — <: 

“^1 

i 13 

w 
- - 12 

5 

11 

1° 

_L J 

L_-i_ 


TOP VIEW 



16 

r„ 

14 

[ 13 

5 

12 

6 A i 

rJ 'i 

l 11 

10 

L* 


LOGIC DRIVE 

4 CHANNEL 

MUX 

4 SPST 

SWITCHES 

5V LOGIC 

15V LOGIC 

AH5010C 

AH5009C 

AH5012C 

AH5011C 


AH5009C and AH5010C MUX Switches 
(4-Channel Version Shown) 

Order Number AH5009CM, 
AH5009CN, AH5010CM or AH5010CN 
See NS Package Number M14A or N14A 


TOP VIEW 

AH501 1C and AH5012C SPST Switches 


(Quad Version Shown) 

Order Number AH5011CM, 
AH5011CN, AH5012CM or AH5012CN 
See NS Package Number M16A or N16A 


COMPENSATING FET 



Note: All diode cathodes are internally connected to the substrate. 
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Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Drain Current 
Soldering Information: 
N Package 10 sec 


30 mA 


300°C 


Input Voltage 

AH5009/AH501 0/AH501 1 /AH501 2 

30V 

SO Package Vapor Phase (60 sec.) 

Infrared (15 sec.) 

215°C 

220°C 

Positive Analog Signal Voltage 

30V 

Power Dissipation 

500 mW 

Negative Analog Signal Voltage 

-15V 

Operating Temperature Range 

— 25°C to +85°C 

Diode Current 

10 mA 

Storage Temperature Range 

— 65°C to + 1 50°C 

Electrical Characteristics 

AH5010 and AH5012 (Notes 2 and 3) 



Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

•gsx 

Input Current “OFF” 

4.5V^Vgd^11V, V S d = 0.7V 

T a = 85°C 

0.01 

0.2 

10 

nA 

nA 

•□(OFF) 

Leakage Current “OFF” 

V SD = 0.7V, Vqs = 3.8V 

T a = 85°C 

0.02 

0.2 

10 

nA 

nA 

•G(ON) 

Leakage Current “ON” 

Vqd = 0V, l s =1 mA 

T a = 85°C 

0.08 

1 

200 

nA 

nA 

•G(ON) 

Leakage Current “ON” 

Vgd = 0V, ls = 2 mA 

T A = 85°C 

0.13 

5 

10 

nA 

jliA 

•G(ON) 

Leakage Current “ON” 

Vgd = 0V, l s — —2 mA 

T a = 85°C 

0.1 

10 

20 

nA 

jaA 

r DS(ON) 

Drain-Source Resistance 

V G s = 0.35V, l s = 2 mA 
T a =+85°C 

90 

150 

240 

a 

a 

V DIODE 

Forward Diode Drop 

Iq = 0.5 mA 


0.8 

V 

rDS(ON) 

Match 

Vgs = °. , D =1 mA 

4 

20 

a 

Ton 

Turn “ON” Time 

See AC Test Circuit 

150 

500 

ns 

Toff 

Turn “OFF” Time 

See AC Test Circuit 

300 

500 

ns 

CT 

Cross Talk 

See AC Test Circuit 

120 


dB 

Electrical Characteristics AH5oo9and ahsoh (Notes 2 and 3) 

Symbol 

Parameter 

Conditions 

Typ 

Max 

Units 

•gsx 

Input Current “OFF” 

1 1 v<; V GD ^ 1 5V, V S D = 0.7V 

T a = 85°C 

0.01 

0.2 

10 

nA 

nA 

•d(OFF) 

Leakage Current “OFF” 

V S d = 0.7V, Vgs= 10.3V 

T a =85°C 

0.01 

0.2 

10 

nA 

nA 

•G(ON) 

Leakage Current “ON” 

Vqd = 0V, l s = 1 mA 

T A = 85°C 

0.04 

0.5 

100 

nA 

nA 

•g(ON) 

Leakage Current “ON” 

V G d = 0V, l s = 2 mA 

T a = 85°C 


2 

1 

nA 

fxA 

•g(ON) 

Leakage Current “ON” 

V G d = 0V, l s =-2mA 

T a = 85°C 


5 

2 

nA 

jllA 

r DS(ON) 

Drain-Source Resistance 

V G s= 1-5V, l s = 2mA 

T a = 85°C 

60 

100 

160 

a 

a 

Vdiode 

Forward Diode Drop 

Id = 0.5 mA 


0.8 

V 

r DS(ON) 

Match 

Vqs = » •d = ‘I mA 


10 

a 

Ton 

Turn “ON” Time 

See AC Test Circuit 

150 

50 

ns 

Toff 

Turn “OFF” Time 

See AC Test Circuit 

300 

500 

ns 

CT 

Cross Talk 

See AC T est Circuit, f = 1 00 Hz. 

120 


dB 


Note 1: Absolute maximum ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: Test conditions 25°C unless otherwise noted. 

Note 3: “OFF” and “ON” notation refers to the conduction state of the FET switch. 

Note 4: Thermal Resistance: 

0JA 

N14A.N16A 92°C/W 

M14A.M16A 1 15°C/W 
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AH5009/AH5010/AH501 1 / AH501 2 



Test Circuits and Switching Time Waveforms 


Cross Talk Test Circuit 





Typical Performance Characteristics 



Leakage Current, Id(OFF) 
vs Temperature 



“ON” Resistance, ros(ON) 



25 35 45 55 65 75 85 

TEMPERATURE (“Cl 


Cross Talk, CT vs Frequency 

-120 
-110 
-100 
f -90 
£ -80 
* -70 
? -60 
1 -50 

£ -40 
-30 
-20 
-10 

100 Ik 10k 100k 1M 

FREQUENCY (Hz) 




0 5.0 10 15 20 


Transconductance vs 
Drain Current 



-0.1 -1.0 -10 


DRAIN-GATE VOLTAGE (V) 


DRAIN CURRENT (mA) 


Drain Current vs Bias 


Normalized Drain 


Voltage 



0 1.0 2.0 3.0 


Resistance vs Bias Voltage 



0 0.2 0.4 0.6 0.8 1.0 


GATE-SOURCE VOLTAGE (V) 


IVgs/Vgsioffi' - NORMALIZED GATE- 
TO SOURCE VOLTAGE (V) 


TL/H/5659-3 
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AH5009/AH501 0/AH50 1 1 / AH50 1 2 


Applications Information 

Theory of Operation 

The AH series of analog switches are primarily intended for 
operation in current mode switch applications; i.e., the 
drains of the FET switch are held at or near ground by oper- 
ating into the summing junction of an operational amplifier. 
Limiting the drain voltage to under a few hundred millivolts 
eliminates the need for a special gate driver, allowing the 
switches to be driven directly by standard TTL (AH5010), 
5V-10V CMOS (AH5010), open collector 15V TTL/CMOS 
(AH5009). 

Two basic switch configurations are available: 4 indepen- 
dent switches (SPST) and 4 pole switches used for multi- 
plexing (4 PST-MUX). The MUX versions such as the 
AH5009 offer common drains and include a series FET op- 
erated at Vqs = OV. The additional FET is placed in the 
feedback path in order to compensate for the “ON” resist- 
ance of the switch FET as shown in Figure 1. 

The closed-loop gain of Figure 1 is: 

A vcL = ^±lDSm ! Q2 

R 1 +r DS (ON)Q 1 

For R1 = R2, gain accuracy is determined by the ros(ON) 
match between Q1 and Q2. Typical match between Q1 and 
Q2 is 4 ohms resulting in a gain accuracy of 0.05% (for R1 
= R2 = 10 kft). 

Noise Immunity 

The switches with the source diodes grounded exhibit im- 
proved noise immunity for positive analog signals in the 


“OFF” state. With V|n= 15V and the Va= 10V, the source 
of Q1 is clamped to about 0.7 V by the diode (Vqs= 14.3V) 
ensuring that ac signals imposed on the 10V input will not 
gate the FET “ON.” 


Selection of Gain Setting Resistors 

Since the AH series of analog switches are operated in cur- 
rent mode, it is generally advisable to make the signal cur- 
rent as large as possible. However, current through the FET 
switch tends to forward bias the source to gate junction and 
the signal shunting diode resulting in leakage through these 
junctions. As shown in Figure 2 , Iq(ON) represents a finite 
error in the current reaching the summing junction of the op 
amp. 

Secondly, the ros(ON) of the FET begins to “round” as l§ 
approaches loss- A practical rule of thumb is to maintain Is 
at less than y 10 of loss- 

Combining the criteria from the above discussion yields: 
R 1 mjn ^YAiMAXlAD (2a) 

Ig(on) 

or: 


^ V A(MAX) 
IdSS/10 
whichever is larger. 


(2b) 


ANALOG 

INPUT 


COMPENSATION 

FET 
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Applications Information (Continued) 


Where: V A( max) 
Ad 

>G(ON) 

Idss 


= Peak amplitude of the analog 
input signal 
= Desired accuracy 
= Leakage at a given Is 
= Saturation current of the FET 
switch 


= 20 mA 


In a typical application, V A might =±10V, Ad = 0.1%, 
0°C^T a ^ 85°C. The criterion of equation (2b) predicts: 



For R1 = 5k, Is = 10V/5k or 2 mA. The electrical charac- 
teristics guarantee an Ig(ON)^ 1 J^A at 85°C for the AH5010. 
Per the criterion of equation (2a): 

^ (10V)(10-3) 

R1 (M'N)^ 1X 10- 


-^iokn 


Since equation (2a) predicts a higher value, the 10k resistor 
should be used. 


The “OFF” condition of the FET also affects gain accuracy. 
As shown in Figure 3, the leakage across Q2, Id(OFF) repre- 
sents a finite error in the current arriving at the summing 
junction of the op amp. 


Accordingly: 

ri a ^V A(M |N)Ad 
Hl(MAX)^ . L 


(N) ID(OFF) 


Where: V A (min) = Minimum value of the analog 
input signal 

Ap = Desired accuracy 

N = Number of channels 

l D (OFF) = “OFF” leakage of a given FET 
switch 


As an example, if N = 10, Ap = 0.1 %, and Id(OFF) ^ 10 nA 
at 85°C for the AH5009. RI(maX) is: 

(1V)(10~3) 

R1 ' MAX > S (io)(ioxio-9) =10k 
Selection of R2, of course, depends on the gain desired and 
for unity gain RI =R2. 

Lastly, the foregoing discussion has ignored resistor toler- 
ances, input bias current and offset voltage of the op amp — 
all of which should be considered in setting the overall gain 
accuracy of the circuit. 


TTL Compatibility 

The AH series can be driven with two different logic voltage 
swings: the even numbered part types are specified to be 
driven from standard 5V TTL logic and the odd numbered 
types from 15V open collector TTL. 
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AH5009/AH5010/AH501 1/AH5012 


Applications Information (Continued) 


Standard TTL gates pull-up to about 3.5V (no load). In order 
to ensure turn-off of the even numbered switches such as 
AH5010, a pull-up resistor, Rext. of at least 10 kn should 
be placed between the 5V Vcc and the gate output as 
shown in Figure 4. 

Likewise, the open-collector, high voltage TTL outputs 
should use a pull-up resistor as shown in Figure 5. In 


both cases, tpFF) is improved for lower values of Rext at 
the expense of power dissipation in the low state. 

Definition of Terms 

The terms referred to in the electrical characteristics tables 
are as defined in Figure 6. 


ANALOG 
INPUT (V A ) 




ANALOG 

OUTPUT 


TL/H/5659-6 
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Applications Information (Continued) 


Ros(ON) COMPENSATING 
ELEMENT 



FIGURE 6. Definition of Terms 


Typical Applications 


De-Glitched Switch for Noiseless Audio Switching 
OFF 



TL/H/5659-7 
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Typical Applications (continued) 

3-Channel Multiplexer with Sample and Hold 


□ 

AH5009/AH5010 

n 



10k 6 





ANALOG 

1 

10k 9 

! ^ 


H 

| O 11 

! [ 



















AH5009/AH5010/AH501 1/AH5012 
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National 

Semiconductor 

Corporation 


AH5020C Monolithic Analog Current Switch 


General Description 

This versatile dual monolithic JFET analog switch economi- 
cally fulfills a wide variety of multiplexing and analog switch- 
ing applications. 

These switches may be driven directly from standard 5V 
logic. 

The monolithic construction guarantees tight resistance 
match and track. 


Features 

■ Interfaces with standard TTL 


■ “ON” resistance match 2fl 

■ Low “ON” resistance 150fl 

■ Very low leakage 50 pA 

■ Large analog signal range ± 1 0V peak 

■ High switching speed 1 50 ns 

■ Excellent isolation between 80 dB 

channels at 1 kHz 


Applications 

■ A/D and D/A converters 

■ Micropower converters 

■ Industrial controllers 

■ Position controllers 

■ Data acquisition 

■ Active filters 

■ Signal multiplexers/demultiplexers 

■ Multiple channel AGO 

■ Quad compressors/expanders 

■ Choppers/demodulators 

■ Programmable gain amplifiers 

■ High impedance voltage buffer 

■ Sample and hold 

For voltage switching applications see LF13201, LF13202, 
LF13331, LF13332, and LF13333 Analog Switch Family, or 
the CMOS Analog Switch Family. 


Connection and Schematic Diagrams (All switches shown are for logical “1 ”) 


Dual-In-Line Package 



Order Number AH5020CJ 
See NS Package Number J08A 



TL/H/5166-2 


Note: All diode cathodes are internally connected to the substrate. 
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AH5020C 


Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, Drain Current 

contact the National Semiconductor Sales Office/ Power Dissipation 

Distributors for availability and specifications. Operating Temp. Range 

Input Voitage 30V storage Temperature Range 

Positive Analog Signal Voltage 30V Lead Temp. (Soldering, 10 seconds) 

Negative Analog Signal Voltage — 1 5V 

Diode Current 1 0 mA 

Electrical Characteristics (Notes 2 and 3) 

30 mA 

500 mW 

— 25°C to +85°C 

— 65°C to +150°C 

300°C 

Symbols 

Parameter 

Conditions 

Typ 


mam 

'GSX 

Input Current “OFF” 

V GD = 4.5V, V SD = 0.7V 

0.01 

0.1 

nA 



V GD = 11V,V S D = 0.7V 

0.01 

0.2 

nA 



T a = 85°C, Vqd = 1 1V, V SD = 0.7V 


10 

nA 

Id(off) 

Leakage Current “OFF” 

V SD = 0.7V, V G S = 3.8V 

0.01 

0.2 

nA 



T a = 85°C 


10 

nA 

>G(ON) 

Leakage Current “ON” 

V G D = 0V, l s = 1 mA 

0.08 

1 

nA 



T a = 85°C 


200 

nA 

•g(ON) 

Leakage Current “ON” 

V GD = 0V, l s = 2 mA 

0.13 

5 

nA 



T a = 85°C 


10 

jxA 

^G(ON) 

Leakage Current “ON” 

Vqd = 0V, l s = -2 mA 

0.1 

10 

nA 



T a = 85°C 


20 

jllA 

r DS(ON) 

Drain-Source Resistance 

V G s = 0.5V, l s = 2 mA 

90 

150 

n 



T a = +85°C 


240 

a 

Vdiode 

Forward Diode Drop 

Id = 0.5 mA 


0.8 

V 

r DS(ON) 

Match 

Vgs = 0, l D = 1 mA 

2 

20 

n 

Ton 

Turn "ON” Time 

See ac Test Circuit 


500 

ns 

Toff 

Turn “OFF” Time 

See ac Test Circuit 

300 

500 

ns 

CT 

Cross Talk 

See ac Test Circuit 

120 


dB 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 

the device beyond its specified operating conditions. 





Note 2: Test conditions 25°C unless otherwise noted. 





Note 3: “OFF” and “ON” notation refers to the conduction state of the FET switch. 




Note 4: Thermal Resistance: 





0ja (Junction to Ambient) N/A 





0jc (Junction to Case) N/A 
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ID- DRAIN CURRENT (mA) GATE LEAKAGE CURRENT (pA) r DS (ON)-“ON” RESISTANCE (fi) 


Typical Performance Characteristics 


Parameter Interaction 


Leakage Current, Id(OFF) 
vs Temperature 


Fiiiii'1 


IWJIIi.'WHIIIIII 

iViiiiniuZSiiiiiii 

ifiiiiiiiiniiiiiii 


1.0 5 10 100 

Vgs-GATE-SOURCE CUTOFF VOLTAGE (V) 


25 35 45 55 65 75 85 

TEMPERATURE (°C) 


“ON” Resistance, ros(ON) 
vs Temperature 


H 

■ 

n 

i 

ibs 

■ 



a 


55 


■ 



■ 

■ 

■■ 

■■ 

■ 

■ 


25 35 45 55 65 75 85 

TEMPERATURE (°C) 


Cross Talk, CT vs Frequency 


HIIIHIIII 


mi £«iiiniimiii 
■HI IK'UIIIMIII 
mi ■■iii£*iimui 
mi ■iiiinz'iniu 

■Ml 

■■ii ■ummimm 

mi ■■iiniuiuiii 

■■lliaillMBIIIIBIII 


100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Leakage Current vs 
Drain-Gate Voltage 


Transconductance vs 
Drain Current 



0 5.0 10 15 20 25 

DRAIN-GATE VOLTAGE (V) 


IIIIIIIIIHHII!!!! 




VgS(0FF) = 5V 


VGS(0FF)=7.5V 


mnnm 


- 1.0 

DRAIN CURRENT (mA) 


Drain Current vs Bias 
Voltage 

n Vds = -10V 

\ “ f = 1 kHz 

rV t a =25°c 


1.0 2.0 3.0 

GATE-SOURCE VOLTAGE (V) 


Normalized Drain Resistance 
vs Bias Voltage 



0.2 0.4 0.6 0.8 • 

I Vqs /VgS(OFF) 1 —NORMALIZED 
GATE-T0-S0URCE VOLTAGE (V) 
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Applications Information 

THEORY OF OPERATION 

The AH5020 analog switches are primarily intended for op- 
eration in current mode switch applications; i.e., the drains 
of the FET switch are held at or near ground by operating 
into the summing junction of an operational amplifier. Limit- 
ing the drain voltage to under a few hundred millivolts elimi- 
nates the need for a special gate driver, allowing the 
switches to be driven directly by standard TTL. 

If only one of the two switches in each package is used to 
apply an input signal to the input of an op amp, the other 
switch FET can be placed in the feedback path in order to 
compensate for the “ON” resistance of the switch FET as 
shown in Figure 1. 

The closed-loop gain of Figure 1 is: 

avcl-— g ;:; Ds < oN > Q2 

+ r DS(ON)Q1 

For R1 = R2, gain accuracy is determined by the ros(ON) 
match between Q1 and Q2. Typical match between Q1 and 
Q2 is 2fl resulting in a gain accuracy of 0.02% (for R1 = R2 
= 10 kH). 


NOISE IMMUNITY 

The switches with the source diodes grounded exhibit im- 
proved noise immunity for positive analog signals in the 
“OFF” state. With V !N = 15V and the V A = 10V, the 
source of Q1 is clamped to about 0.7V by the diode (Vqs = 
14.3V) ensuring that ac signals imposed on the 10V input 
will not gate the FET “ON”. 

SELECTION OF GAIN SETTING RESISTORS 

Since the AH5020 analog switches are operated in current 
mode, it is generally advisable to make the signal current as 
large as possible. However, current through the FET switch 
tends to forward bias the source to gate junction and the 
signal shunting diode resulting in leakage through these 
junctions. As shown in Figure 2 , Iq(ON) represents a finite 
error in the current reaching the summing junction of the op 
amp. 

Secondly, the ros(ON) of the FET begins to “round” as Is 
approaches loss- A practical rule of thumb is to maintain Is 
at less than y 10 of loss- 

combining the criteria from the above discussion yields: 


ri * . V A MAX A D 

RI(min) ^ — — — 

Ig(on) 

(2a) 

or: 


^ V A (max) 

(2b) 

Idss/ 10 

whichever is larger. 



COMPENSATION 

FET 




2 
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Applications Information (Continued) 

Where Va(max) = Peak amplitude of the analog input 
signal 

Aq = Desired accuracy 

to(ON) = Leakage at a given Is 

toss = Saturation current of the FET switch 
= 20 mA 

In a typical application, Va might = ±10V, Aq =0.1%, 0°C 
^ Ta ^ 85°C. The criterion of equation (2b) predicts: 

10V 

R1(MIN> ^ 20mA =5 kn 
10 

For R1 = 5k, Is = 10V/5k or 2 mA. The electrical charac- 
teristics guarantee an Iq(0N) ^ 1 jut A at 85°C for the 
AH5020. Per the criterion of equation (2a): 

(10V)(10-3) 

RI(MIN) ^ \ x10 _ 6 ^ 10 Ml 

Since equation (2a) predicts a higher value, the 10k resistor 
should be used. 

The “OFF” condition of the FET also affects gain accuracy. 
As shown in Figure 3, the leakage across Q2, to(OFF) repre- 
sents a finite error in the current arriving at the summing 
junction of the op amp. 


Accordingly: 
d u / Va(MIN) Ap 


PI(MAX) ^ 


(N) to(OFF) 


Where Va(min) = Minimum value for the analog input sig- 
nal 

Aq = Desired accuracy 

N = Number of channels 

to (OFF) = “OFF” leakage of a given FET switch 

As an example, if N = 10, Ad= 0.1%, and to(OFF) ^ 10 nA 
at 85°C for the AH5020. RI(MAX) is: 

(1V)(10~3) 

R1 « MAX >^(io)(ioxio-9) =10k 

Selection of R2, of course, depends on the gain desired and 
for unity gain R1 = R2. 

Lastly, the foregoing discussion has ignored resistor toler- 
ances, input bias current and offset voltage of the op 
amp — all of which should be considered in setting the 
overall gain accuracy of the circuit. 



FIGURE 3. Off Leakage Current, Id(OFF) 
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Applications Information (Continued) 

TTL COMPATIBILITY 

Standard TTL gates pull-up to about 3.5V (no load). In order 
to ensure turn-off of the AH5020, a pull-up resistor, Rext of 
at least 1 0 kfl should be placed between the 5V V cc and the 
gate output as shown in Figure 4. 


DEFINITION OF TERMS 

The terms referred to in the electrical characteristics tables 
are as defined in Figure 5. 


ANALOG 



roS(ON) COMPENSATING 



2 
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Typical Applications 


Deglitched Switch for Noiseless Audio Switching 



TL/H/5166-19 


Gain Programmable Amplifier 



GAIN SELECT 


TL/H/51 66-20 




National 
Semiconductor 
Corporation 

CD4016BM/CD4016BC Quad 

General Description 

The CD401 6BM/CD401 6BC is a quad bilateral switch in- 
tended for the transmission or multiplexing of analog or digi- 
tal signals. It is pin-for-pin compatible with CD4066BM/ 
CD4066BC. 

Features 

■ Wide supply voltage range 3V to 1 5V 

■ Wide range of digital and analog switching ±7.5 Vpeak 

■ “ON” resistance for 15V operation 400fi (typ.) 

■ Matched “ON” resistance over 15V 

signal input ARqn = 10^ (typ.) 

■ High degree of linearity 0.4% distortion (typ.) 

@f,S= 1 kHz, V| S = 5 Vp.p, 
Vdd-Vss= 10V, R l = 10 kfl 

■ Extremely low “OFF” switch leakage 0.1 nA (typ.) 

@ v dd - v ss =iov 

T a = 25°C 


Bilateral Switch 


■ Extremely high control input impedance 10 12 fl (typ.) 

■ Low crosstalk between switches —50 dB (typ.) 

@ f| S = 0.9 MHz, R l = 1 kn 

■ Frequency response, switch “ON” 40 MHz (typ.) 

Applications 

■ Analog signal switching/multiplexing 

• Signal gating 

• Squelch control 

• Chopper 

• Modulator/Demodulator 

• Commutating switch 

■ Digital signal switching/multiplexing 

■ CMOS logic implementation 

■ Analog-to-digital/digital-to-analog conversion 

■ Digital control of frequency, impedance, phase, and an- 
alog-signal gain 



Schematic and Connection Diagrams 


DuaMn-Line Package 




Cavity Dual-ln-Line Package (J) 
Order Number CD4016BMJ or CD4016BCJ 
See NS Package Number J14A 

Small Outline Package (M) 

Order Number CD4016BCM 
See NS Package Number M14A 

Molded DuaMn-Line Package (N) 
Order Number CD4016BMN or CD4016BCN 
See NS Package Number N14A 
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CD40 1 6BM/CD40 1 6BC 


Absolute Maximum Ratings Recommended Operating 



If Military/ Aerospace specified devices are required, Conditions (Note 2) 





contact the National Semiconductor Sales Office/ 









Distributors for availability and specifications. DD upp y 0 age 




SV to 15V 

(Note 7) 

Vin Input Voltage 




0V to Vdd 

(Notes 1 and 2) 

T /\ Operating Temperature Range 




Vqd Supply Voltage 

-0.5 V to + 18V 

CD4016BM 




— 55°C to +125°C 

V|n Input Voltage 

— 0.5V to V DD + 0.5 V 

CD4016BC 




— 40°C to +85°C 

Ts Storage Temperature Range 

— 65°C to + 1 50°C 









Pd Package Dissipation 

500 mW 









Lead T emperature (Soldering, 1 0 seconds) 260°C 









DC Electrical Characteristics cD40i6BM(Note2) 











— 55°C 


25°C 


125°C 


Symbol 

Parameter 

Conditions 








Units 




Min 

Max 

Min 

Typ 

Max 

Min 

Max 


>dd 

Quiescent Device Current 

V DD = 5 V, V IN = V DD or Vss 


0.25 


0.01 

0.25 


7.5 

fiA 



Vqd = 1 0V, V|N = Vqd or Vss 


0.5 


0.01 

0.5 


15 

juA 



Vqd = 1 5V, V|n = Vqd or Vss 


1.0 


0.01 

1.0 


30 

jllA 

Signal Inputs and Outputs 

Ron 

“ON” Resistance 

R L -iokato VDD_Vss 

2 











V C = V DD» V IS = Vss or Vdd 











v DD = iov 


600 


250 

660 


960 

a 



Vdd = 15V 


360 


200 

400 


600 

a 



R L = 10ka to VpD ~ Vss 

2 











< 

o 

II 

< 

a 

D 











Vdd = 1 ov, V| S = 4.75 to 5.25V 


1870 


850 

2000 


2600 

a 



Vdd = 1 5V, Vis = 7.25 to 7.75V 


775 


400 

850 


1230 

a 

AR 0 n 

A“ON” Resistance 

R L -iokato VDD_Vss 










Between any 2 of 

Vc = V dd. Vis= V ss to Vdd 










4 Switches 

V D d = 10V 




15 




a 


(In Same Package) 

v DD = 15V 




10 




a 

•is 

Input or Output Leakage 

Vc = 0,V DD =15V 


±50 


±0.1 

±50 


±500 

nA 


Switch “OFF” 

V| S = 1 5V and 0V, 











V O s = 0V and 15V 









Control Inputs 

V|LC 

Low Level Input Voltage 

V|s = Vss and Vdd 











Vos = Vdd an d Vss 











l| S = ±10 jllA 











V DD = 5V 


0.9 



0.7 


0.5 

V 



v DD = iov 


0.9 



0.7 


0.5 

V 



v DD = 15V 


0.9 



0.7 


0.5 

V 

V|HC 

High Level Input Voltage 

V DD =5V 

3.5 


3.5 



3.5 


V 



Vdd = 1 0V (see Note 6 and 

7.0 


7.0 



7.0 


V 



Vdd -15V Figure 8 ) 

11.0 


11.0 



11.0 


V 

>IN 

Input Current 

Vdd _ Vss = 15V 


±0.1 


±10-5 

±0.1 


±1.0 

JLC A 



VdD^Vis^Vss 











VdD^Vc^Vss 
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DC Electrical Characteristics cD4oi6BC(Note2) (continued) 

Symbol 

Parameter 

f!nnHitinn«i 

— 40°C 

25°C 

85°C 

Units 



Min 

Max 

Min 

Typ 

Max 

Min 

Max 

>dd 

Quiescent Device Current 

Vdd = 5V, V|N = Vdd or V SS 


1.0 


0.01 

1.0 


7.5 

jllA 




Vqd = 10V, V|n = Vqd or Vgs 


2.0 


0.01 

2.0 


15 

juA 




V DD = 15V, V|n = Vqd or V SS 


4.0 


0.01 

4.0 


30 

juA 

Signal Inputs and Outputs | 

Ron 

“ON” Resistance 

R L =io k ato VDD_Vss 

2 













Vc^Vdd. ^ is= ^ ss or Vdd 













v DD =iov 



610 


275 

660 


840 

n 




Vnn=15V 



370 


200 

400 


520 

n 




R L = 10kato Vpp Vss 

0 













Q 

Q 

> 

II 

O 

> 














V DD = 10V, V| S = 4.75 to 5.25V 


1900 


850 

2000 


2380 

n 




V D D = 1 5 V, V| S = 7.25 to 7.75 V 


790 


400 

850 


1080 

ft 

aRon 

A“ON” Resistance 

R L -ioknto VDD-Vss 











Between any 2 of 

4 Switches 

2 

Vc = Vdd. V|s = Vss to Vqd 
Vdd= 10V 




15 





ft 


(In Same Package) 

V DD =15V 





10 





ft 

■is 

Input or Output Leakage 

V C = 0,V dd = 15V 


±50 


±0.1 

±50 


±200 

nA 


Switch “OFF” 

V| S = 0Vor 15V, 













V os = 15V or 0 V 










Control Inputs 

V|LC 

Low Level Input Voltage 

Vis~ Vgs and Vqd 













Vos = v dd an d Vss 
l|S~ ±10 jaA 













> 

in 

II 

Q 

Q 

> 



0.9 



0.7 


0.4 

V 




Vdd = 10V 



0.9 



0.7 


0.4 

V 




Vdd=15V 



0.9 



0.7 


0.4 

V 

V|HC 

High Level Input Voltage 

V DD = 5V 


3.5 


3.5 



3.5 



V 




Vdd“ 10 V 

(see Note 6 and 

7.0 


7.0 



7.0 



V 




V DD =15V Figure 8) 

11.0 


11.0 



11.0 



V 

l|N 

Input Current 

Vcc-Vss 

= 15V 


±0.3 


±io-J 


±0.3 


±1.0 

juA 




v DD^V|s^Vss 

Vdd^Vq^Vss 










AC Electrical Characteristics t a = 25 c, t r =t,= 20 ns and v ss = 

0 V unless otherwise specified 




Symbol 

Parameter 

Conditions 

Min 

Typ 

| Max 

Units 

tpHL> tPLH 

Propagation Delay Time 

Vc = Vqd. C|_ = 50 pF, ( Figure 1) 










Signal Input to Signal Output 

R L =200k 














V DD =5V 





58 

100 


ns 





v dd =iov 





27 

50 


ns 





V DD =15V 





20 

40 


ns 

tpZH. tpZL 

Propagation Delay Time 

r l =i.o kn, c L = 

50 pF, [Figures 2 









Control Input to Signal 

and 3) 












Output High Impedance to 

> 

m 

II 

Q 

Q 

> 





20 

50 


ns 



Logical Level 


V DD =10V 





18 

40 


ns 





V DD =15V 





17 

35 


ns 

tpHZ- tPLZ 

Propagation Delay Time 

R|_= 1 .0 kft, C|_= 50 pF, [Figures 2 









Control Input to Signal 

and 3) 












Output Logical Level to 

> 

in 

II 

0 

Q 

> 





15 

40 


ns 



High Impedance 


VpD” 10V 





11 

25 


ns 





V DD =15V 





10 

22 


ns 



Sine Wave Distortion 

Vc = V DD = 5V, Vss = “5 



0.4 




% 





R L =10kft, V| S = 

5 Vp.p, f = 1 kHz, 











[Figure 4) 
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AC Electrical Characteristics (Continued) 

Ta = 25 0 C, t r =tf = 20 ns and Vss = 0V unless otherwise specified 


Symbol 


Frequency Response — Switch 
“ON” (Frequency at -3 dB) 


Feedthrough — Switch “OFF” 
(Frequency at -50 dB) 


Crosstalk Between Any Two 
Switches (Frequency at -50 dB) 


Crosstalk; Control Input to 
Signal Output 

Maximum Control Input 


Conditions 

V C = V DD = 5V ) Vss=-5V, 

R[_= 1 kft, V|s = 5 Vp.p, 

20 Log 10 Vos/V O s(1 kHz) -dB, 

{Figure 4) 

V dd = 5V, V c =V S s=-5V, 

R l =1 kft, V| S =5 Vp.p, 

20 Log-io (V 0 s/V|s)= -50 dB, 

{Figure 4) 

V DD = V C(A ) = 5V; Vss = V C (B) == “5V, 
R l =1 knV| S (A) = 5 Vp.p, 

20 Log io (Vos(B) /v OS(A) )= "50 dB, 
{Figure 5) 

V DD =10V, R L =10kft 

RlN = 1 kft, Vqc = 10V Square Wave, 

Cl= 50 pF {Figure 6) 

Rl= 1 kft, Cl= 50 pF, {Figure 7) 
V 0S (f) = Vz V 0S (1 kHz) 

Vdd = 5V 

v D d=iov 

V DD =15V 


Min Typ Max Units 


Cis Signal Input Capacitance 4 pF 

Cos Signal Output Capacitance Vdd= 10V 4 pF 

Cios Feedthrough Capacitance Mq = 0V 0.2 pF 

Cin Control Input Capacitance 5 7.5 pF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 

Note 2: Vss = 0V unless otherwise specified. 

Note 3: These devices should not be connected to circuits with the power “ON”. 

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance on the output; however, this capacitance is included in C|_ wherever it is specified. 
Note 5: Vis is the voltage at the in/out pin and Vqs is the voltage at the out/in pin. Vc is the voltage at the control input. 

Note 6: If the switch input is held at Vqd. Vihc is the contro1 input level that will cause the switch output to meet the standard “B” series Vqh and Ioh output levels. 
If the analog switch input is connected to Vss. Vmc is the control input level — which allows the switch to sink standard “B” series |IqhI» ^'9^ l eve l current, and still 
maintain a Vql ^ “B” series. These currents are shown in Figure 8. 

Note 7: Refer to RETS4016BX for military specifications. 

AC Test Circuits and Switching Time Waveforms 




Figure 1. tp|_H, tpy-j Propagation Delay Time Signal Input to Signal Output 


V|S = V 0D 1 IN/OUT 


FIGURE 2. t PZH , tpHz Propagation Delay Time Control to Signal Output 
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FIGURE 3. tpzH> tpHZ Propagation Delay Time Control to Signal Output 



Vc= Vss for feedthrough test 


FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough 



FIGURE 5. Crosstalk Between Any Two Switches 



TL/F/5661-3 


FIGURE 6. Crosstalk — Control to Input Signal Output 



CD4016BM/CD4016BC 


AC Test Circuits and Switching Time Waveforms (Continued) 


V DD 


V|S = V 0D - 


CONTROL V DD 

1 OF 4 
WITCHE 

V SS 


T 

t 


C L <r l 
50 pF Slk 


-Vqs 



FIGURE 7. Maximum Control Input Frequency 


TL/F/5661-4 


Temperature 


Switch Input 

Switch Output 


Range 

Vdd 

Vis 

lis(mA) 

V OS(V) 





t low 

25° C 

Thigh 

Min 

Max 


5 

0 

0.25 

0.2 

0.14 


0.4 



5 

5 

-0.25 

-0.2 

-0.14 

4.6 



MILITARY 

10 

0 

0.62 

0.5 

0.35 

-0.35 

9.5 

0.5 


10 

10 

-0.62 

— 0.5 




15 

0 

1.8 

1.5 

1.1 


1.5 



15 

15 

-1.8 

-1.5 

-1.1 

13.5 




5 

0 

0.2 

0.16 

0.12 


0.4 



5 

5 

-0.2 

-0.16 

-0.12 

4.6 



COMMERCIAL 

10 

0 

10 

0.5 

0.4 

0.3 

9.5 

0.5 


10 

—0.5 

-0.4 

-0.3 




15 

0 

1.4 

1.2 

1.0 


1.5 



15 

15 

-1.4 

-1.2 

-1.0 

13.5 




FIGURE 8. CD4016B Switch Test Conditions for V, H c 


Typical Performance Characteristics 


‘ON’ Resistance vs. Signal 
Voltage T a =25°C 



‘ON’ Resistance Temperature 



-8 -6 -4 -Z 0 2 4 6 8 


SIGNAL INPUT (V| S )|V) 


‘ON’ Resistance Temperature 
Variation for Vdd _ Vss = 15V 



-8 -6 -4 -2 0 2 4 6 8 

SIGNAL INPUT (V )S )(V) 

TL/F/5661-5 
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Typical Applications 


CHANNEL 1 


CHANNEL 2 


CHANNEL 3 


CHANNEL 4 


4 Input Multiplexer 



4 3 2 1 

CONTROL 


Sample/Hold Amplifier 



TL/F/5661 -6 


Special Considerations 

The CD4016B is composed of 4, two-transistor analog 
switches. These switches do not have any linearization or 
compensation circuitry for “Ron” as do the CD4066B’s. Be- 
cause of this, the special operating considerations for 
the CD4066B do not apply to the CD4016B, but at low 


supply voltages, ^5V, the CD4016B’s on resistance be- 
comes non-linear. It is recommended that at 5 V, voltages 
on the in/out pins be maintained within about IV of either 
Vqd or v ssi and that at 3V the voltages on the in/out pins 
should be at Vqd or Vss for reliable operation. 
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CD4051BM/CD4051BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 


National 

Semiconductor 

Corporation 


* 


CD4051 BM/CD405 1 BC Single 8-Channei Analog 
Multiplexer/Demultiplexer 
CD4052BM/ CD4052BC Dual 4-Channel Analog 
Multiplexer/Demultiplexer 
CD4053BM/CD4053BC Triple 2-Channel Analog 
Multiplexer/Demultiplexer 


General Description 

These analog multiplexers/demultiplexers are digitally con- 
trolled analog switches having low “ON” impedance and 
very low “OFF” leakage currents. Control of analog signals 
up to 15Vp_ p can be achieved by digital signal amplitudes of 
3-1 5V. For example, if V DD = 5V, V S s = 0V and V EE = -5V, 
analog signals from — 5V to + 5V can be controlled by digi- 
tal inputs of 0-5V. The multiplexer circuits dissipate ex- 
tremely low quiescent power over the full Vdd~Vss and 
Vdd - V EE supply voltage ranges, independent of the logic 
state of the control signals. When a logical “1” is present at 
the inhibit input terminal all channels are “OFF”. 

CD4051 BM/CD4051 BC is a single 8-channel multiplexer 
having three binary control inputs. A, B, and C, and an inhibit 
input. The three binary signals select 1 of 8 channels to be 
turned “ON” and connect the input to the output. 
CD4052BM/CD4052BC is a differential 4-channel multiplex- 
er having two binary control inputs, A and B, and an inhibit 
input. The two binary input signals select 1 or 4 pairs of 
channels to be turned on and connect the differential ana- 
log inputs to the differential outputs. 
CD4053BM/CD4053BC is a triple 2-channel multiplexer 
having three separate digital control inputs, A, B, and C, and 


an inhibit input. Each control input selects one of a pair of 

channels which are connected in a single-pole double-throw 

configuration. 

Features 

■ Wide range of digital and analog signal levels: digital 
3-1 5V, analog to 15V p . p 

■ Low “ON” resistance: 80fl (typ.) over entire 15V p _ p sig- 
nal-input range for Vdd -V ee =15V 

■ High “OFF” resistance: channel leakage of ±10 pA 
(typ.) at Vdd-Vee^IOV 

■ Logic level conversion for digital addressing signals of 
3-1 5V (V dd -Vss= 3-15V) to switch analog signals to 
15 V p . p (V DD — V EE = 15V) 

■ Matched switch characteristics: ARoN = 5n (typ.) for 
V dd -V E e=15V 

■ Very low quiescent power dissipation under all digital- 
control input and supply conditions: 1 jaW (typ.) at 
Vdd - Vss = Vdd~V ee = 10V 

■ Binary address decoding on chip 


Connection Diagrams Dual-In-Line Packages 


CD4051 BM/CD4051 BC 

IN/QUT 

V DD 2 1 0 3 A B C 



CD4052BM/CD4052BC 

IN/OUT 0UT/(N IN/OUT 
V 00 2x * lx x Ox 3x A B 


J.6 

15 

14 

13 

12 

11 

10 

9 












I" 


- 









_ 




2 

3 

4 

[s 

6 

1 * 


Oy 2y, y 3y 1y, INH V EE Vss 
IN/OUT 0UT/IN IN/OUT 

TOP VIEW 


CD4053BM/CD4053BC 


OUT/IN IN/OUT 



Cavity Dual-In-Line Package (J) 
Order Number CD4051BMJ, 
CD4051BCJ, CD4052BMJ, 
CD4052BCJ, CD4053BMJ, or 
CD4053BCJ 

See NS Package Number J16A 


Small Outline Package (M) 
Order Number CD4051BCM, 
CD4052BCM or CD4053BCM 
See NS Package Number M16A 


Molded Dual-ln-Line Package (N) 
Order Number CD4051BMN, 
CD4051BCN, CD4052BMN, 
CD4052BCN, CD4053BMN, or 
CD4053BCN 

See NS Package Number N16E 
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Absolute Maximum F 

If Military/ Aerospace specified 
contact the National Semicor 
Distributors for availability and s 
(Note 4) 

Vqd DC Supply Voltage 

Vin Input Voltage - 

T s Storage Temperature Range 
Pd Package Dissipation 

T|_ Lead Temperature (solderinc 

DC Electrical Characl 

latings Recommended Operating Conditions 

devices are required, Vdd DC Supply Voltage +5 Vdcto +15 Vdc 

ductor Sales Office/ V IN Input Voltage 0VtoV DD Vdc 

specifications. t a Operating Temperature Range 

4051 BM/4052BM/4053BM -55°Cto + 125°C 

—0.5 Vdc to +18 Vdc 4051BC/4052BC/4053BC -40°Cto +85°C 

0.5 Vdc to V DD + 0.5 Vdc 
— 65°C to + 1 50°C 

500 mW 
,10 seconds) 260°C 

teristics (Note 2) 

Symbol 

Parameter 

Conditions 

— 55°C +25° +125°C 

Units 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

•dd 

Quiescent Device Current 

V DD = 5V 

V DD = 10V 

Vdd = "1 5V 


5 

10 

20 



5 

10 

20 


150 

300 

600 

jllA 

jaA 

jxA 

Signal Inputs (Vis) and Outputs (Vos) | 

r on 

“ON” Resistance (Peak 
for Vee^Vis^Vdd) 

R L =10kH 
(any channel 
selected) 

Vdd = 2.5V, 

V EE = —2.5V 
or V D d = 5V, 

V EE = 0V 


800 


270 

1050 


1300 

a 

Vdd =5 V 

V EE = — 5V 
or V DD = 10V, 

V EE = 0V 


310 


120 

400 


550 

ft 

Vdd = 7.5V, 
Vee=- 7.5V 
or V DD = 15V, 

V EE = 0V 


200 


80 

240 


320 

n 

ARon 

A“ON” Resistance 
Between Any Two 
Channels 

R L =10kn 
(any channel 
selected) 

V DD = 2.5V, 

V EE = —2.5V 
or Vdd = 5V, 
V EE =0V 




10 




Cl 

V DD = 5V, 

V EE = — 5V 
or Vdd = 10V, 
V EE =0V 




10 




ft 

Vdd = 7.5V, 

V EE = —7.5V 
or V DD = 15V, 

V EE = 0V 




5 




Cl 

“OFF” Channel Leakage 
Current, any channel 
“OFF” 

V dd = 7.5V, V ee = —7.5V 

O/l =± 7.5 V, l/O = 0V 


±50 


±0.01 

±50 


±500 

nA 

“OFF” Channel Leakage 
Current, all channels 
“OFF” (Common 

OUT/IN) 

lnhibit=7.5V CD4051 

V DD = 7.5V, 

V E e=-7.5V, CD4052 

O/l = 0V, 

1/0= ±7.5V CD4053 


±200 

±200 

±200 


±0.08 

±0.04 

±0.02 

±200 

±200 

±200 


±2000 

±2000 

±2000 

nA 

nA 

nA 

Control Inputs A, B, C and Inhibit | 

V| L 

Low Level Input Voltage 

V E E = VssRl= 1 to Vss 

I|S<2 /x A on all OFF channels 

V|S = Vdd thru 1 kfl 

V DD = 5V 

V DD =10V 

V DD = 15V 


1.5 

3.0 

4.0 



1.5 

3.0 

4.0 


1.5 

3.0 

4.0 

V 

V 

V 

V|H 

High Level Input Voltage 

V D d =5 

Vdd = “1° 

Vdd=15 

3.5 

7 

11 


3.5 

7 

11 



3.5 

7 

11 


V 

V 

V 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: All voltages measured with respect to Vss unless otherwise specified. 
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CD4051 BM/CD4051 BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 



CD405 1 BM/CD405 1 BC/ CD4052BM/CD4052BC/CD4053BM/CD4053BC 


DC Electrical Characteristics (Note 2 ) (continued) 

Symbol 

Parameter 

HonHitinns 

— 40°C 


+ 25°C 


+ 85°C 

Units 



ITTffl 







l|N 

Input Current 

V DD =15V, 

V, N = 0V 


■ 


■ 



■ 


fxA 



V DD =15V, 

V| N = 15V 


i: 


■ 



1 


fxA 

•dd 

Quiescent Device Current 

V dd =5V 



20 

■ 


20 



jaA 



v dd =iov 



40 

■ 


40 


mm 

jaA 



V DD =15V 



80 

■ 


80 


m 

juA 

Signal Inputs (V|s) and Outputs (Vos) I 

Ron 

“ON” Resistance (Peak 

R L =10ka 

V DD = 2.5V, 










for Vee^Vis^Vdd) 

(any channel 

V EE = -2.5 V 


850 


270 

1050 


1200 

a 



selected) 

or Vdd = 5V, 

v ee =ov 












V D d = 5V, 
V EE =-5V 
or V DD = 10V, 

V E e = OV 


330 


120 

400 


520 

a 




V D d = 7.5V, 
V E e=- 7.5V 
or V dd =15V, 

V E e = OV 


210 


80 

240 


300 

n 

aRon 

A“ON” Resistance 

R L =10kH 

V D d = 2.5V, 










Between Any Two 

(any channel 

V E e=-2.5V 




10 




n 


Channels 

selected) 

or Vqd = 5V, 
v E e=ov 












V DD = 5V 

V E e= — 5V 
or V DD =10V, 

V E e = OV 




10 




a 




V dd = 7.5V, 

V E e= -7.5V 
or V dd = 15V, 

V E e = OV 




5 




a 



“OFF” Channel Leakage 

V DD = 7.5V, 

Vff=-7.5V 










Current, any channel “OFF” 

0/1= ±7.5V, l/0 = OV 


±50 


±0.01 

±50 


±500 

nA 


“OFF” Channel Leakage 

lnhibit= 7.5V 

CD4051 


±200 


±0.08 

±200 


±2000 

nA 


Current, all channels 

V DD = 7.5V, 











“OFF” (Common 

V E e=-7.5V, 

CD4052 


±200 


±0.04 

±200 


±2000 

nA 


OUT/IN) 

0/1 = 0V 

1/0= ±7.5V 

CD4053 


±200 


±0.02 

±200 


±2000 

nA 

Control Inputs A, B, C and Inhibit | 

V| L 

Low Level Input Voltage 

Vee =v ss Rl = 

= i kn to Vss 











llS<2 juA on all OFF Channels 
v IS = v DD thr u 1 ka 











V DD = 5V 



1.5 



1.5 


1.5 

V 



Vdd = 10 V 



3.0 



3.0 


3.0 

V 



V dd =15V 



4.0 



4.0 


4.0 

V 

V| H 

High Level Input Voltage 

V D d = 5 


3.5 


3.5 



3.5 


V 



v dd =io 


7 


7 



7 


V 



VdD^ 15 


11 


11 



11 


V 

■in 

Input Current 

Vdd = "15V, 

V, N = OV 

v EE =ov 


-0.1 


-10-5 

-0.1 


-1.0 

jliA 



V DD = 15V, 

V| N = 15V 

< 

m 

m 

II 

o 

< 


0.1 


10-5 

0.1 


1.0 

jxA 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 

operation. 











Note 2: All voltages measured with respect to Vss unless otherwise specified. 
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AC Electrical Characteristics 

Ta = 25°C, t r =tf=20 ns, unless otherwise specified. 

Symbol 

Parameter 

Conditions 

v pp 

Min 

Typ 

Max 

Units 

tpZH 

Propagation Delay Time from 

< 

m 

m 

II 

< 

CO 

CO 

II 

o 

< 

5V 


600 

1200 

ns 

tpZL 

Inhibit to Signal Output 

r l =i kn 

10V 


225 

450 

ns 


(channel turning on) 

C L = 50 pF 

15V 


160 

320 

ns 

tPHZ 

Propagation Delay Time from 

V EE = Vss = 0V 

5V 


210 

420 

ns 

tPLZ 

Inhibit to Signal Output 

R l =1 k n 

10V 


100 

200 

ns 


(channel turning off) 

C L = 50 pF 

15V 


75 

150 

ns 

C|N 

Input Capacitance 








Control input 




5 

7.5 

PF 


Signal Input (IN/OUT) 




10 

15 

PF 

C OUT 

Output Capacitance 








(common OUT/IN) 








CD4051 


10V 


30 


PF 


CD4052 

< 

m 

m 

II 

< 

CO 

CO 

II 

o 

< 

10V 


15 


PF 


CD4053 


10V 


8 


PF 

C IOS 

Feedthrough Capacitance 




0.2 


PF 

CpD 

Power Dissipation Capacitance 








CD4051 




110 


PF 


CD4052 




140 


PF 


CD4053 




70 


PF 

Signal Inputs (Vis) and Outputs (Vos) 


Sine Wave Response 

R L =10kn 







(Distortion) 

f| S =1 kHz 

10V 


0.04 


% 



V|S = 5 Vp.p 








< 

m 

m 

II 

< 

CO 

II 

o 

< 







Frequency Response, Channel 

r l =i kn, v EE =ov, v,s=5v p _p, 

10V 


40 


MHz 


“ON” (Sine Wave Input) 

20 log-io Vqs/V|s= ~ 3 dB 







Feedthrough, Channel “OFF” 

R l =1 kn, V EE = V S s=0V,V|s = 5Vp.p, 

10V 


ID 


MHz 



20 logio Vqs/V|s= — 43 dB 







Crosstalk Between Any Two 

R L = 1 kn, V EE = V SS = 0V, V| S (A) = 5Vp. p 

10V 


3 


MHz 


Channels (frequency at 40 dB) 

20 logio V os (B)/V|s(A)= -40 dB (Note 3) 






tPHL 

Propagation Delay Signal 

< 

m 

m 

II 

< 

CO 

CO 

II 

o 

< 

5V 


25 

55 

ns 

tpLH 

Input to Signal Output 

C L = 50 pF 

10V 


15 

35 

ns 




15V 


10 

25 

ns 

Control Inputs, A, B, C and Inhibit 


Control Input to Signal 

Vee = Vss = 0V, r L = 10 kn at both ends 







Crosstalk 

of channel. 

10V 


65 


mV (peak) 



Input Square Wave Amplitude = 1 0V 






tPHL, 

Propagation Delay Time from 

< 

m 

m 

< 

CO 

CO 

II 

o 

< 

5V 


500 

1000 

ns 

tpLH 

Address to Signal Output 

C l = 50 pF 

10V 


180 

360 

ns 


(channels “ON” or “OFF”) 


15V 


120 

240 

ns 

Note 3: A 

B are two arbitrary channels with A turned "ON” and B "OFF”. 





Note 4: Refer to RETS4051BX, RETS4052BX, RETS4053BX for military specifications. 
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CD405 1 BM/CD405 1 BC/ CD4052BM/ CD4052BC/ CD4053BM/CD4053BC 



CD4051 BM/CD4051 BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 


Block Diagrams 

CD4051BM/CD4051BC 


CHANNEL IN/OUT 



CD4052BM/CD4052BC 


X CHANNELS IN/OUT 


'l Tl (P 



COMMON X 
OUT/IN 


COMMON Y 
OUT/IN 


TL/F/5662-2 
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CD4051 BM/CD4051 BC/CD4052BM/CD4052BC/CD4053BM/CD4053BC 







Special Considerations 

In certain applications the external load-resistor current may not exceed 0.6V at Ta^ 25°C, or 0.4V at Ta> 25°C (calcu- 

include both Vqd and signal-line components. To avoid lated from Rqn values shown). No Vqd current will flow 

drawing Vqd current when switch current flows into IN/OUT through R|_ if the switch current flows into OUT/IN pin. 

pin, the voltage drop across the bidirectional switch must 


Typical Performance Characteristics 


“ON” Resistance vs Signal 
Voltage for Ta = 25°C 











l/r 




VC 

/ 

A 



/ 

T 



/ 

"V DD -V E 

L-UKT 

E = 10V 

slLL 

— 


V DD -V ee = 15V 

1 1 1 1 1 1 1 


-8 -6 -4 -2 0 2 4 6 8 

SIGNAL VOLTAGE (V IS )(V) 


“ON” Resistance as a 
Function of Temperature for 
v D d-v E e=iov 



SIGNAL VOLTAGE (V IS ) (V) 


“ON” Resistance as a 
Function of Temperature for 


400 
350 
300 
250 
200 
150 
100 
50 
0 

-8 -6 -4 -2 0 2 4 6 8 


VdD - Vee~ 15V 













































































T A = + 125 C 

4-H-rh 










Ta^ZS-C 






- 

- 



4- T-T 

1 T a = -5 

ns 

5"C 

- 

- 

— 








SIGNAL VOLTAGE (V 1S )(V) 


“ON” Resistance as a 
Function of Temperature for 



-8 -6 -4 -2 0 2 4 6 8 

SUPPLY VOLTAGE (V IS ) (V) 

TL/F/5662-5 
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CD4066BM/CD4066BC 



National 

Semiconductor 

Corporation 


CD4066BM/CD4066BC Quad Bilateral Switch 


General Description 

The CD4066BM/CD4066BC is a quad bilateral switch in- 
tended for the transmission or multiplexing of analog or digi- 
tal signals. It is pin-for-pin compatible with CD4016BM/ 
CD4016BC, but has a much lower “ON” resistance, and 
“ON” resistance is relatively constant over the input-signal 
range. 


Features 

■ Wide supply voltage range 3V to 1 5V 

■ High noise immunity 0.45 Vqd (typ.) 

■ Wide range of digital and ±7.5 Vp^AK 

analog switching 

■ “ON” resistance for 15V operation 80ft 

■ Matched “ON” resistance ARoN = 5ft (typ.) 

over 15V signal input 

■ “ON” resistance flat over peak-to-peak signal range 


High “ON”/“OFF” 
output voltage ratio 
High degree linearity 
High degree linearity 
High degree linearity 


65 dB (typ.) 
@ f is = 10 kHz, R l =10 kft 
0.1% distortion (typ.) 
@f is =1 kHz, V is = 5Vp. p , 

Vdd-Vss=iov, r l =io kft 


■ Extremely low “OFF” 0.1 nA (typ.) 

switch leakage @ Vdd~Vss =1 °V» Ta = 25°C 

■ Extremely high control input impedance 10 12 ft(typ.) 

■ Low crosstalk -50 dB (typ.) 

between switches @ fj S = 0.9 MHz, R[_=1 kft 

■ Frequency response, switch “ON” 40 MHz (typ.) 

Applications 

■ Analog signal switching/multiplexing 

• Signal gating 

• Squelch control 

• Chopper 

• Modulator/ Demodulator 

• Commutating switch 

■ Digital signal switching/multiplexing 

■ CMOS logic implementation 

■ Analog-to-digital/digital-to-analog conversion 

■ Digital control of frequency, impedance, phase, and an- 
alog-signal-gain 


Schematic and Connection Diagrams 



Cavity Dual-ln-Line Package (J) 
Order Number CD4066BMJ or 
CD4066BCJ 

See NS Package Number J14A 


Molded Dual-ln-Line Package (N) 
Order Number CD4066BMN or 
CD4066BCN 

See NS Package Number N14A 



Top View 


Small Outline Package (M) 
Order Number CD4066BCM 
See NS Package Number M14A 


TL/F/5665-1 
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Absolute Maximum Ratings 

(Notes 1 and 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 7) 

Vdd Supply Voltage - 0.5V to + 1 8V 

V| N Input Voltage -0.5V to V DD + 0.5V 

T s Storage T emperature Range - 65°C to + 1 50°C 

Pq Package Dissipation 500 mW 

T l Lead T emperature (Soldering, 1 0 seconds) 300°C 


Recommended Operating 
Conditions (Note 2) 

Vqd Supply Voltage 3V to 1 5V 

Vin Input Voltage 0V to Vdd 

Ta Operating Temperature Range 


CD4066BM 

CD4066BC 


— 55°C to +125°C 
— 40°C to + 85°C 


DC Electrical Characteristics cd 4066 bm (Note 2) 


Symbol 

Parameter 

Conditions 

-55°C 

25°C 

125°C 

Units 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

•dd 

Quiescent Device Current 

< 

0 

a 

II 

ai 

< 


0.25 


0.01 

0.25 


7.5 

juA 



< 

0 

0 

II 

0 

< 


0.5 


0.01 

0.5 


15 

jliA 



| V DD =15V 1 


1.0 


0.01 

1.0 


30 

juA 


Signal Inputs and Outputs 


r ON 

“ON” Resistance 

R L =ioknto VDD_Vss 

2 

Vc= V dd. V|s = Vss to Vdd 
Vdd = 5V 

v DD = 10 V 
v DD = 15V 


800 

310 

200 


270 

120 

80 

1050 

400 

240 


1300 

550 

320 

ft 

ft 

ft 

ARqn 

A“ON” Resistance 

Between any 2 of 

4 Switches 

r l -iommo Vdd “ Vss 

2 

Vc = Vdd> V|s=Vss to Vdd 
Vdd = 10 V 

V DD = 15V 




10 

5 




ft 

ft 

•is 

Input or Output Leakage 
Switch “OFF” 

v c =o 

V| S =15V and 0V, 

V os = 0V and 15V 


±50 


±0.1 

±50 


±500 

nA 


Control Inputs 


V|LC 

Low Level Input Voltage 

Vis = Vss and Vdd 

Vos = Vdd ancl Vss 

l| S = ±10 jllA 

V DD = 5V 

V dd = 10V 
v DD = 15V 


1.5 

3.0 

4.0 


2.25 

4.5 

6.75 

1.5 

3.0 

4.0 


1.5 

3.0 

4.0 

V 

V 

V 

V IHC 

High Level Input Voltage 

Vdd = 5V 

3.5 


3.5 

2.75 


3.5 


V 



Vdd = 10V ( see note 6) 

7.0 


7.0 

5.5 


7.0 


V 



Vdd = 15V 

11.0 


HQ 

8.25 


11.0 


V 

l|N 

Input Current 

VdD - Vss~15V 


±0.1 


±10-5 

±0.1 


±1.0 

jlxA 



VdD^Vis^Vss 











Vdd^Vc^Vss 










DC Electrical Characteristics cd 4066 bc (Note 2) 


Symbol 

Parameter 

Conditions 

— 40°C 

25°C 

85° C 

Units 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

•dd 

Quiescent Device Current 

Vdd = 5V 


1.0 


0.01 

1.0 


7.5 

/xA 



v DD = 10 V 


2.0 


0.01 

2.0 


15 

jxA 



v DD = 15V 


4.0 


0.01 

4.0 


30 

fiA 
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CD4066BM/CD4066BC 


DC Electrical Characteristics (continued) cd 4066 bc (Note 2) 



Signal Inputs and Outputs 

Ron “ON” Resistance 


A“ON” Resistance 
Between Any 2 of 
4 Switches 


Input or Output Leakage 
Switch “OFF” 


R L =10k»to VDD ~ VsS 
2 

Vc= V dd. Vss to Vqd 
Vdd = 5V 

Vdd = iov 

V DD =15V 

RL=10k mo^BzVss 

2 

v cc = v dd. V|s= Vss to Vdd 
Vdd = iov 

V DD =15V 

v c =o 


Control Inputs 


Low Level Input Voltage Vis = Vss and v dd 
v os = v dd and Vss 
lis= ± IOjaA 
V DD = 5V 
V DD = 10V 

V DD = 15V 

High Level Input Voltage Vdd = 5V 

V DD =10V (See note 6) 
V PD = 15V 

Input Current Vdd ~ Vss = 15V 

Vdd^Vis^Vss 
Vdd^Vc^Vss 


AC Electrical Characteristics Ta= 25°C, t r =tf=20 ns and Vss=0V unless otherwise specified 


tpHL. tpLH Propagation Delay Time Signal 
Input to Signal Output 


tpzH. tpzL Propagation Delay Time 

Control Input to Signal 
Output High Impedance to 
Logical Level 

tpHZ. tpLZ Propagation Delay Time 

Control Input to Signal 
Output Logical Level to 
High Impedance 
Sine Wave Distortion 


Frequency Response-Switch 
“ON” (Frequency at -3 dB) 


Conditions 

Vc = Vdd. Cl =50 pF, {Figure 1) 

R L = 200k 
V DD = 5V 

v dd =iov 

V DD =15V 

R[_=1.0 kfl, Cl = 50 pF, {Figures 2 and 3) 
Vdd = 5V 
V D d = 10V 

V DD = 15V 

Rl= 1 .0 kfl, Cl= 50 pF, {Figures 2 and 3) 
V DD = 5V 
V D d = 10V 
V DD = 15V 

V C = Vdd = 5V > V SS =-5V 
R l = 10 kn, V| S = 5Vp_ p , f = 1 kHz, 

{Figure 4) 

V c =V D d=5V, V SS =-5V, 

R l =1 kH, V| S = 5Vp.p, 

20 Log-io V os /Vos (1 kHz)-dB, 

{Figure 4) 












AC Electrical Characteristics (Continued) Ta= 25°C, t r =tf=20 ns and Vss = 0V unless otherwise noted 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


Feedthrough — Switch “OFF” 

V DD = 5.0V, Vcc = V S S=-5.0V, 


1.25 




(Frequency at —50 dB) 

Rl= 1 kft, V| S = 5.0Vp_p, 20 Log-jo. 
Vos/V|s = —50 dB, (Figure 4) 






Crosstalk Between Any Two 

V D D = V C (A) = 5.0V; V SS = V C (B) = 5.0V, 


0.9 


MHz 


Switches (Frequency at -50 dB) 

RlI kn, V 1S (A) = 5.0 Vp.p, 20 LogiOi 
Vos(B)/V|S(A) = “ 50 dB (Figure 5) 






Crosstalk; Control Input to 

v DD =iov, R L =iokn, R| N =i.o kn, 


150 


Q. 

Q. 

> 

E 


Signal Output 

Vcc = 1 0V Square Wave, C|_ = 50 pF 
(Figure 6) 






Maximum Control Input 

Rl= 1 -0 kn, Ci_= 50 pF, (Figure 7) 

V 0 S(f) = Vz V 0S (1 -0 kHz) 

V DD = 5.0V 


6.0 


MHz 



> 

o 

Q 

Q 

> 


8.0 


MHz 



V D d=15V 


8.5 


MHz 


Signal Input Capacitance 



8.0 


PF 

Cos 

Signal Output Capacitance 

v dd =iov 


8.0 


PF 

Cios 

Feedthrough Capacitance 

c? 

II 

O 

< 


0.5 


PF 


Control Input Capacitance 



5.0 

■m 

PF 


Note 1: “Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply that the devices 
should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteristics” provide conditions for actual device 
operation. 

Note 2: Vss = 0V unless otherwise specified. 

Note 3: These devices should not be connected to circuits with the power “ON”. 

Note 4: In all cases, there is approximately 5 pF of probe and jig capacitance in the output; however, this capacitance is included in Cl wherever it is specified. 
Note 5: V|g is the voltage at the in/out pin and Vos is the voltage at the out/in pin. Vc is the voltage at the control input. 

Note 6: Conditions for Vine: a) V|s = Vdd, los = standard B series Iqh b) V|s=OV, Iol = standard B series Iol- 
Note 7: Refer to RETS4066BX for military specifications. 

AC Test Circuits and Switching Time Waveforms 



FIGURE 1. tp HL , tpj_H Propagation Delay Time Signal Input to Signal Output 

Vdo tD7H tpu 2 



FIGURE 2. tpzHi tpnz Propagation Delay Time Control to Signal Output 

*PZL 



FIGURE 3. tpzi_, tpi_z Propagtion Delay Time Control to Signal Output 


tPLZ 


1PLZ 



TL/F/5665-2 
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CD4066BM/CD4066BC 




AC Test Circuits and Switching Time Waveforms (Continued) 


CONTROL Vqq 


1 1N/OUT ' OUT/IN I- 


f u « ' 

i X Vc=Vqd tor distortion and frequency response tests 

_5V Vc=Vss tor feedthrough test 

FIGURE 4. Sine Wave Distortion, Frequency Response and Feedthrough 




2.5V 

V|S(1> °V 

-2.5V 



FIGURE 5. Crosstalk Between Any Two Switches 


Vc 




CONTROL Vqd 


V... 

,N/0UT SWITCHES 0UT/,,, 

T T 

S"IN 

Vss 

<r l — *— C L 

r 


^10k — p 50pf 



CROSSTALK 


FIGURE 6. Crosstalk: Control Input to Signal Output 


h H " 


I CONTROL Vqq 
“IS ' *DD IlK/OUTjuJjJJ^j OUT/IN 



■ 'I > r L 

■ 50 pF >1k 


FIGURE 7. Maximum Control Input Frequency 




Typical Performance Characteristics 


“ON” Resistance vs Signal 
Voltage for T A = 25°C 










— V D 

D " V SS = 

yf% 



/ 




/ 

~' v 00 

- Vss= 10V' 
4-ivJ I I 

-= 


-TSSS. 

V D 0-Vss=15V 

1 1 1 1 1 1 1 


-8 -6 -4 -2 0 2 4 6 B 

SIGNAL VOLTAGE (V| S ) (V) 


“ON” Resistance as a Function 
of Temperature for 
Vdd-V S s=15V 

a 400 


“ 300 
< 250 

t- 

I 200 

L , 150 

0 

1 ioo 

1 50 

x 

“ 0 

-8 -6 -4 -2 0 2 4 6 8 

SIGNAL VOLTAGE (V| S ) (V) 



“ON” Resistance as a Function 
of Temperature for 
Vdd-v S s=iov 



SIGNAL VOLTAGE (V (s ) (V) 


“ON” Resistance as a Function 
of Temperature for 



-8 -6 -4 -2 0 2 4 6 8 

SUPPLY VOLTAGE (V| S ) (V) 

TL / F / 5665-4 


Special Considerations 

In applications where separate power sources are used to 
drive Vdd and the signal input, the Vdd current capability 
should exceed Vqd/Rl (R|_ = effective external load of the 4 
CD4066BM/CD4066BC bilateral switches). This provision 
avoids any permanent current flow or clamp action of the 
Vqd supply when power is applied or removed from 
CD4066BM/CD4066BC. 

In certain applications, the external load-resistor current 
may include both Vdd and signal-line components. To avoid 


drawing Vdd current when switch current flows into termi- 
nals 1, 4, 8 or 11, the voltage drop across the bidirectional 
switch must not exceed 0.6V at Ta^ 25°C, or 0.4V at 
Ta>25°C (calculated from Rqn values shown). 

No Vdd current will flow through R[_ if the switch current 
flows into terminals 2, 3, 9 or 10. 
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CD4529BM/ CD4529I 




National 

Semiconductor 

Corporation 


CD4529BM/CD4529BC Dual 4-Channel or Single 
8-Channel Analog Data Selector 


General Description 

The CD4529B is a dual 4-channel or a single 8-channel 
analog data selector, implemented with complementary 
MOS (CMOS) circuits constructed with N- and P-channel 
enhancement mode transistors. Dual 4-channel or 8-chan- 
nel mode operation is selected by proper input coding, with 
outputs Z and W tied together for the single 8-bit mode. The 
device is suitable for digital as well as analog applications, 
including various 1-of-4 and 1-of-8 data selector functions. 
Since the device is analog and bidirectional, it can also be 
used for dual binary to 1-of-4 or single 1-of-8 decoder appli- 
cations. 


Features 

■ Wide supply voltage range 3.0V to 15V 

■ High noise immunity 0.45 Vdd (typ.) 

■ Low quiescent 0.005 jaW/package 

power dissipation (typ.) @ 5.0 Vpc 

■ 10 MHz frequency operation (typ.) 

■ Data paths are bidirectional 

■ Linear ON resistance [120ft (typ.) @ 15V] 

■ TRI-STATE® outputs (high impedance disable strobe) 

■ Plug-in replacement for MC14529B 


Connection Diagram 

Dual-In-Line Package 

V„o STy VO VI Y2 V3 W l 

1 1 6 Its |u 1 1 3 1 1 2 |u In |a 


Logic Diagram 


Order Number CD4529BCJ, N or CD4529BMJ, W 
See NS Package J16A, N16E, or W16A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Notes 1 and 2) 


Vdd DC Supply Voltage 
Vin Input Voltage 
Ts Storage Temperature Range 
Pp Package Dissipation 
T[_ Lead Temp. (Soldering, 10 seconds) 


-0.5V to + 18V 
-0.5V to V DD +0.5V 
— 65°C to +150°C 
500 mW 
260°C 


Recommended Operating 
Conditions (Note 2) 

Vqd DC Supply Voltage 3Vto15V 

Vin Input Voltage 0 to Vdd 

Ta Operating Temperature Range 


CD4529BM 

CD4529BC 


— 55°C to + 1 25°C 
— 40°C to +85°C 


DC Electrical Characteristics cD 4529 BM(Note 2 > 


Symbol 

Parameter 

Conditions 

— 55°C 

25°C 

125°C 

Units 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 





•dd 

Quiescent Device 

V DD = 5V 


1.0 


0.001 

1.0 


60 

jllA 


Current 

v D d = iov 


1.0 


0.002 

1.0 


60 

/xA 



V DD = 15V 


2.0 


0.003 

2.0 


120 

juA 

VOL 

Low Level Output 

V|L = 0V, V|h = Vdd. hoi < 1 










Voltage 

Vdd = 5V 


0.05 


0 

0.05 


0.05 

V 



v DD = iov 


0.05 


0 

0.05 


0.05 

V 



V DD = 15V 


0.05 


0 

0.05 


0.05 

V 

VoH 

High Level Output 

Vil = 0V, V|h = Vdd. hoi < i ^ A 










Voltage 

Vdd = 5V 

4.95 


4.95 

5.0 


4.95 


V 



v DD = iov 

9.95 


9.95 

10.0 


9.95 


V 



V DD = 15V 

14.95 


14.95 

15.0 


14.95 


V 

V| L 

Low Level Input Voltage 

V DD = 5V 


1.5 


2.25 

1.5 


1.5 

V 


(Note 3) 

v DD = iov 


3.0 


4.50 

3.0 


3.0 

V 



V DD = 15V 


4.0 


6.75 

4.0 


4.0 

V 

V|H 

High Level Input Voltage 

V DD = 5V 

3.5 


3.5 

2.75 


3.5 


V 


(Note 3) 

v DD = iov 

7.0 


7.0 

5.50 


7.0 


V 



v DD = 15V 

11.0 


11.0 

8.25 


11.0 


V 

•lN 

Input Current 

v dd = 15V 
v, N = ov 


-0.1 


-10-5 

-0.1 


-1.0 

juA 



V| N = 15V 


0.1 


10-5 

0.1 


1.0 

jllA 

Ron 

ON Resistance 

V DD = 5V, Vss = -5V 

Vin = 5V 


400 


165 

480 


640 

ft 



> 

in 

1 

II 

z 

> 


400 


100 

480 


640 

ft 



V| N = ± 0.25V 

V DD = 7.5V, Vss = -7.5V 


400 


155 

480 


640 

ft 



V IN = 7.5V 


240 


135 

270 


400 

ft 



V| N = -7.5 V 


240 


75 

270 


400 

ft 



V| N = ± 0.25 V 

Vdd = iov, Vss = °v 


240 


100 

270 


400 

ft 



V iN = 10V 


400 


165 

480 


640 

ft 



V| N - 0.25V 


400 


100 

480 


640 

ft 



V| N = 5.6V 

v DD = 15V, v ss = ov 


400 


160 

480 


640 

ft 



V, N = 15V 


250 


135 

270 


400 

ft 



V| N = 0.25V 


250 


75 

270 


400 

ft 



V| N = 9.3V 


250 


110 

270 


400 

ft 

•off 

Input to Output Leakage 

Vss = — 5V, Vdd = 5V, V, N = 5V, 


±125 


±0.001 

±125 


±1250 

nA 


Current 

VOUT = — 5V 

Vss = — 5V, V DD = 5V, V| N = — 5V, 


±125 


±0.001 

±125 


±1250 

nA 



V 0U T = 5V 

V S s — -7.5V, Vdd = 7.5V, 

V| N = 7.5V, Vquj = -7.5V 


±250 


±0.0015 

±250 


±2500 

nA 



V S S = -7.5V, V DD = 7.5V, 

V, N = -7.5V, V 0U T = 7.5V 


±250 


±0.0015 

±250 


±2500 

nA 


2 
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CD4529BM/CD4529BC 



CD4529BM/ CD4529BC 


DC Electrical Characteristics cd4529bc (Note 2) (continued) 

Symbol 

Parameter 

Conditions 

— 40°C 

25°C 

85° C 

Units 

Min 

Max 

Min 

Typ 

Max 

Min 

Max 

Idd 

Quiescent Device Current 

Vdd = 5V 


5.0 


0.001 

5.0 


70 

fiA 



V DD = 10V 


5.0 


0.002 

5.0 


70 

jxA 



Vdd = 15V 


10.0 


0.003 

10.0 


140 

jxA 

VoL 

Low Level Output Voltage 

V|L = 0V,V| H = V DD ,|IoI <1mA 











Vdd = 5V 


0.05 



0.05 


0.05 

V 



V DD = 10V 


0.05 



0.05 


0.05 

V 



> 

LO 

II 

Q 

Q 

> 


0.05 



0.05 


0.05 

V 

V OH 

High Level Output Voltage 

V| L = 0V,V|H = V DD ,|l o l<1fiA 











V DD = 5V 

4.95 


4.95 

5.00 


4.95 


V 



V DD = lov 

9.95 


9.95 

10.00 


9.95 


V 



v DD = 15V 

14.95 


14.95 

15.00 


14.95 


V 

V| L 

Low Level Input Voltage 

> 

LO 

II 

Q 

Q 

> 


1.5 


2.25 

1.5 


1.5 

V 


(Note 3) 

V DD = 10V 


3.0 


4.50 

3.0 


3.0 

V 



v DD = 15V 


4.0 


6.75 

4.0 


4.0 

V 

V| H 

High Level Input Voltage 

V DD = 5V 

3.5 


3.5 

2.75 


3.5 


V 


(Note 3) 

v DD = 10V 

7.0 


7.0 

5.50 


7.0 


V 



V DD = 15V 

11.0 


11.0 

8.25 


11.0 


V 

•in 

Input Current 

v DD = 15V 











V, N = 0V 


-0.3 


-10-5 

-0.3 


-1.0 

fjtA 



V| N = 15V 


0.3 


10-5 

0.3 


1.0 

fxA 

Ron 

ON Resistance 

Vdd = 5V, Vss = — 5V 











V|N = 5V 


410 


165 

480 


560 

ft 



V, N = -5V 


410 


100 

480 


560 

ft 



V| N = ± 0.25V 


410 


155 

480 


560 

ft 



V DD = 7.5V, Vss = -7.5V 











V| N = 7.5V 


250 


135 

270 


350 

n 



V| N = -7.5V 


250 


75 

270 


350 

a 



V| N = ± 0.25V 


250 


100 

270 


350 

ft 



Vdd = 10V, Vss = 0V 











V| N = 10V 


410 


165 

480 


560 

ft 



V| N = 0.25V 


410 


100 

480 


560 

ft 



V| N = 5.6V 


410 


160 

480 


560 

ft 



Vdd = 15 V, Vss = ov 











V| N = 15V 


250 


135 

270 


350 

it 



V| N = 0.25V 


250 


75 

270 


350 

ft 



V| N = 9.3V 


250 


110 

270 


350 

ft 

■off 

Input-Output Leakage 

V SS = -5V,V DD = 5V 










Current 

V| N = 5V,V 0U t= — 5V 


±125 


±0.001 

±125 


±500 

nA 



V| N = -5V,V 0U t = 5 V 


±125 


±0.001 

±125 


±500 

nA 



V SS = ~7.5V, V DD = 7.5V 











V| N = 7.5V, V 0U T = -7.5V 


±250 


±0.0015 

±250 


±1000 

nA 



V| N = -7.5V, V 0 UT= 7.5V 


±250 


±0.0015 

±250 


±1000 

nA 

Note t: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 

they are not meant to imply that the devices should be operated at these limits. The tables of “Recommended Operating Conditions” and “Electrical Characteris- 

tics” provide conditions for actual device operation. 









Note 2: Vss = OV unless otherwise specified. 









Note 3: Switch OFF is defined as |IqI ^ 10 p-A, switch ON as defined by Rqn specification. 
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AC Characteristics cd4529bm/cd4539bc 

Ta = 25°C, Rl = 1 kn, t r = tf = 20 ns, unless otherwise specified. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tpLH. tpHL 

V|n to Vqut Propagation Delay 

Vss = ov, C L = 50 pF 

V DD = 5V 




ns 



v D d = iov 




ns 



V D D = 15V 




ns 

tpLH> tPHL 

Control to Output Propagation Delay 

V|n = Vqd or Vss, Cl — 50 pF 

V| N <; 10V 

V DD = 5V 


200 

400 

ns 



v D d = iov 


80 

160 

ns 



Vdd= 15V 


50 

120 

ns 

^MAX 

Maximum Control Input Pulse Frequency 

V S S = 0V, C L = 50 pF 

V DD = 5V 


5 


MHz 



Vqd = 10V 


10 


MHz 



V DD = 15V 


12 


MHz 


Crosstalk, Control to Output 

Rout = io kn, Cl = 50 pF, Vss = o 
Vp D = 5V 


5.0 


mV 



Vqd = iov 


5.0 


mV 



V DD = 15V 


5.0 


mV 


Noise Voltage 

f = 100 Hz, V S s = 0V 

V DD = 5V 


24 


nVA/cycle 



Vqd = iov 


25 


nV/Vcycle 



V DD = 15V 


30 


nV/Vcycle 



f = 100 kHz, V S s = 0V 

V DD = 5V 


12 


nV/Vcycle 



v DD = iov 


12 


nV/>/cycle 



V D d = 15V 


15 


nV/Vcycle 


Sine Wave (Distortion) 

V|n = 1.77Vrms Centered 
atOV, R l = 10kfl,f = 1 kHz, 

V SS = — 5V, V DD = 5V 


0.36 


% 

•loss 

Insertion Loss, 

V|n = 1 77Vrms Centered 
atOV, V S s = -5 V,V dd = 5V 






, , Vqut 

R l = 1 kn 


2.0 


dB 


Iloss = 20 Log-io— — 

V|N 

r l = io kn 


0.8 


dB 



r l — ioo kn 


0.25 


dB 



r l = i Mn 


0.01 


dB 

BW 

Bandwidth, -3dB 

Vin = 177Vrms Centered 
at 0 Vdc, V S s = — 5V, V DD = 5V 

R l = 1 kn 

35 



MHz 



R l = 10 kn 

28 



MHz 



r l = ioo kn 

27 



MHz 



r l = i Mn 

26 



MHz 


Feedthrough and Crosstalk, 

Vss= — 5V, V DD = 5V 






20Log 10 ^I= —50 db 

V|N 

Rl = 1 kn 
r l = io kn 

850 

100 



kHz 

kHz 



r l = ioo kn 

12 



kHz 



r l = i Mn 

1.5 



Khz 
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CD4529BM/CD4529BC 





Test Circuits and Switching Time Waveforms 


Output Voltage Ron Characteristics Noise Voltage 



Frequency Response Crosstalk 



TL/F/5999-2 




Typical Performance Characteristics 



-8 -6 -4 -2 0 2 4 6 8 

V (N - INPUT VOLTAGE (Vdc) 



o 


Typical Noise Characteristics 

35 
30 
25 
20 
15 
10 
5 
0 

10 100 Ik 10k 100k 

f- FREQUENCY (Hz) 



Typical Insertion Loss/ 
Bandwidth Characteristics 



10k 100k 1M 10M 100M 

l,M- INPUT FREQUENCY (Hi) 


TL/F/5999-3 
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CD4529BM/CD4529BC 



LF1 1331/LF13331/LF1 1332/LF13332/LF1 1333/LF13333/LF1 1201/LF13201/LF1 1202/LF13201 



National 

Semiconductor 

Corporation 


Quad SPST JFET Analog Switches 



LF11331, LF13331 4 Normally Open Switches with Disable 
LF11332, LF 13332 4 Normally Closed Switches with Disable 

LF 11333, LF 13333 2 Normally Closed Switches and 2 Normally Open Switches with Disable 
LF11201, LF13201 4 Normally Closed Switches 
LF11202, LF13202 4 Normally Open Switches 


General Description 

These devices are a monolithic combination of bipolar and 
JFET technology producing the industry’s first one chip 
quad JFET switch. A unique circuit technique is employed to 
maintain a constant resistance over the analog voltage 
range of ± 1 0V. The input is designed to operate from mini- 
mum TTL levels, and switch operation also ensures a break- 
before-make action. 

These devices operate from ±15V supplies and swing a 
±10V analog signal. The JFET switches are designed for 
applications where a dc to medium frequency analog signal 
needs to be controlled. 


Features 

■ Analog signals are not loaded 

■ Constant “ON” resistance for signals up to ±10V and 
100 kHz 

■ Pin compatible with CMOS switches with the advantage 
of blow out free handling 

■ Small signal analog signals to 50 MHz 

■ Break-before-make action tQFF < *ON 

■ High open switch isolation at 1.0 MHz -50 dB 

■ Low leakage in “OFF” state <1.0 nA 

■ TTL, DTL, RTL compatibility 

■ Single disable pin opens all switches in package on 
LF11331, LF11332, LF11333 

■ LF11201 is pin compatible with DG201 


Test Circuit and Schematic Diagram 



FIGURE 1. Typical Circuit for One Switch 



FIGURE 2. Schematic Diagram (Normally Open) 


TL/H/5667-12 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, Power Dissipation (Note 2) 

contact the National Semiconductor Sales Office/ Molded DIP (N Suffix) 

Distributors for availability and specifications. Cavity DIP (D Suffix) 

(Note 1) Operating Temperature Range 

Supply Voltage (V C c^V EE ) 36V LF11201, 2 and LF11331, 2, 3 

Reference Voltage V ee ^Vr^Vqq LF13201, 2 and LF13331, 2, 3 

Logic Input Voltage V R -4.0V<;V| N ^V R + 6.0V Storage Temperature 

Analog Voltage V ee ^Va^V<x+ 6V; Soldering Information 

V a ^V ee + 36V N and D Package (10 sec.) 

Analog Current |l A |<20mA S ?, PaCk D? e , an \ 

a 1 Vapor Phase (60 sec.) 

Infrared (15 sec.) 

Electrical Characteristics (Note 3) 


500 mW 

900 mW 

— 55°C to +125°C 

0°C to + 70°C 

— 65°C to + 1 50°C 

300°C 

215°C 

220°C 

Symbol 

Parameter 

Conditions 

LF11331/2/3 

LF11201/2 

LF13331/2/3 

LF13201/2 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Ron 

“ON” Resistance 

< 

> 

II 

o 

6" 

II 

3 

> 

II 

ro 

cn 

d 


150 

200 


150 

250 

ft 





200 

300 


200 

350 

n 

Ron Match 

“ON” Resistance Matching 

T a =25°C 


5 

20 


10 

50 

n 

V A 

Analog Range 


±10 

±11 


±10 

±11 


V 

<S(ON) + 

Leakage Current in “ON” Condition 

Switch “ON,” V s = V D =± 10V T A = 25°C 


0.3 

5 


0.3 

10 

nA 

•d(ON) 




3 

100 


3 

30 

nA 

^S(OFF) 

Source Current in “OFF” Condition 

Switch “OFF,” V s = -MOV, T A =25°C 


0.4 

5 


0.4 

10 

nA 



V D =-10V 


3 

100 


3 

30 

nA 

•D(OFF) 

Drain Current in “OFF” Condition 

Switch “OFF,” V s = + 10V, T ocor . 


0.1 

5 


0.1 

10 

nA 



V D = —10V Ta 25 c 


3 

100 


3 

30 

nA 

V|NH 

Logical “1” Input Voltage 


2.0 



2.0 



V 

V|NL 

Logical “0” Input Voltage 




0.8 



0.8 

V 

l|NH 

Logical “1” Input Current 

V| N = 5V T a = 25°C 


3.6 

10 


3.6 

40 

ju,A 






25 



100 

juA 

l|NL 

Logical “0” Input Current 

V| N = 0.8 T a = 25°C 



0.1 



0.1 

ju,A 






1 



1 

jjlA 

tON 

Delay Time “ON” 

V s = ±1 0 V, (Figure 3) T A = 25°C 


500 



500 


ns 

tOFF 

Delay Time “OFF” 

V s = ± 1 0V, (Figure 3) T A = 25°C 


90 



90 


ns 

tON~toFF 

Break-Before-Make 

V s = ± 1 o V, (Figure 3) T A = 25°C 


80 



80 


ns 

C S(OFF) 

Source Capacitance 

Switch “OFF,” V s = ± 10V T A = 25°C 


4.0 



4.0 


PF 

C D(OFF) 

Drain Capacitance 

Switch “OFF,” V D = ± 10V T A = 25°C 


3.0 



3.0 


pF 

Cs(ON) + 

Active Source and Drain Capacitance 

Switch “ON,” V s = V D = 0V T A = 25°C 


5.0 



5.0 


PF 

Cd(ON) 










•SO(OFF) 

“OFF” Isolation 

(Figure 4), (Note 4) Ta = 25°C 


-50 



-50 


dB 

CT 

Crosstalk 

(Figure 4), (Note 4) Ta = 25°C 


-65 



-65 


dB 

SR 

Analog Slew Rate 

(Note 5) T a =25°C 


50 



50 


V/fis 

*DIS 

Disable Current 

(Figure 5), (Note 6) T A = 25°C 


0.4 

1.0 


0.6 

1.5 

mA 





0.6 

1.5 


0.9 

2.3 

mA 

Iee 

Negative Supply Current 

All Switches “OFF,” V s = ± 10V T A =25°C 


3.0 

5.0 


4.3 

7.0 

mA 





4.2 

7.5 


6.0 

10.5 

mA 

Ir 

Reference Supply Current 

All Switches “OFF,” V s = ± 10V T A = 25°C 


2.0 

4.0 


2.7 

5.0 

mA 





2.8 

6.0 


3.8 

7.5 

mA 

Icc 

Positive Supply Current 

All Switches “OFF,” V s = ± 10V T A = 25°C 


4.5 

6.0 


7.0 

9.0 

mA 





6.3 

9.0 


9.8 

13.5 

mA 

Note 1: Refer to RETSF1 1201X, RETSF11331X, RETSF11332X and RETSF11333X for military specifications. 








Note 2: For operating at high temperature the molded DIP products must be derated based on a + 1 00°C maximum junction temperature and a thermal resistance 

of + 1 50°C/W, devices in the cavity DIP are based on a + 1 50°C maximum junction temperature and are derated at ± 1 00°C/ W. 





Note 3: Unless otherwise specified, Vcc = + 15V, Vee= - 

15V, V R = 0V, and limits apply for -55°C^T A <; + 125°C for the LF11331/2/3 and the LF11201/2, 

— 25 0 C£T a <:+ 85 o C for the LF13331/2/3 and the LF13201/2. 








Note 4: These parameters are limited by the pin to pin capacitance of the package. 








Note 5: This is the analog signal slew rate above which the signal is distorted as a result of finite internal slew rates. 







Note 6: All switches in the device are turned “OFF” by saturating a transistor at the disable node as shown in Figure 5. The delay time will be approximately equal 

to the toN or toFF plus the delay introduced by the external transistor. 








Note 7: This graph indicates the analog current at which 1 % of the analog current is lost when the drain is positive with respect to the source. 



Note 8: 0j A (Typical) Thermal Resistance 









Molded DIP (N) 85°C/W 









Cavity DIP (D) 100°C/W 









Small Outline (M) 105°C/W 










2-53 


LF1 1331/LF13331/LF1 1332/LF13332/LF1 1333/LF13333/LF1 1201/LF13201/LF11202/LF13201 



LF1 1331/LF13331/LF1 1332/LF13332/LF1 1333/LF13333/LF1 1 201/LF13201/LF1 1202/LF13201 


Connection Diagrams (Top View for SO and Dual-In-Line Packages) (All Switches Shown are For Logical “0”) 


LF11331/LF13331 


LF11332/LF 13332 




LF11333/LF13333 



LF11201/LF13201 



LF1 1202/ LF 13202 



Order Number LF13201D, LF11201D, LF13202D, 
LF11202D, LF13331D, LF11331D, LF13332D, LF11332D, 
LF13333D or LF11333D 
See NS Package Number D16C 

Order Number LF13201M, LF13202M, LF13331M, 
LF13332M or LF13333M 
See NS Package Number M16A 

Order Number LF13201N, LF13202N, LF13331N, 
LF13332N or LF13333N 
See NS Package Number N16A 


2-54 




Test Circuit and Typical Performance Curves 

Delay Time, Rise Time, Settling Time, and Switching Transients 


:_n_n 


V cc V tE S 



Additional Test Circuits 


- ' )0 :_rm 






♦ 15V -15V v a 






FIGURE 3. toN> toFF Test Circuit and Waveforms for a Normally Open Switch 



OFF ISOLATION* 20 log CROSSTALK * M log ' 


FIGURE 4. “OFF” Isolation, Crosstalk, Small Signal Response 




LF1 1331/LF13331/LF1 1332/LF13332/LF1 1333/LF13333/LF1 1201/LF13201/LF1 1202/LF13201 


Typical Performance Characteristics 





Break-Before-Make Action 



-J0 -6.0 -2.0 2.0 6.0 10 


-50 0 50 100 150 


6 0 4.0 2.0 0 


4.0 6.0 -10 -6.0 -2.0 2.0 6.0 10 


V A (VOLTS) 
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Application Hints 

GENERAL INFORMATION 

These devices are monolithic quad JFET analog switches 
with “ON” resistances which are essentially independent of 
analog voltage or analog current. The leakage currents are 
typically less than 1 nA at 25°C in both the “OFF”and “ON” 
switch states and introduce negligible errors in most appli- 
cations. Each switch is controlled by minimum TTL logic 
levels at its input and is designed to turn “OFF” faster than 
it will turn “ON.” This prevents two analog sources from 
being transiently connected together during switching. The 
switches were designed for applications which require 
break-before-make action, no analog current loss, medium 
speed switching times and moderate analog currents. 
Because these analog switches are JFET rather than 
CMOS, they do not require special handling. 

LOGIC INPUTS 

The logic input (IN), of each switch, is referenced to two 
forward diode drops (1 .4V at 25°C) from the reference sup- 
ply (Vr) which makes it compatible with DTL, RTL, and TTL 
logic families. For normal operation, the logic “0” voltage 
can range from 0.8 V to -4.0V with respect to Vr and the 
logic “1” voltage can range from 2.0V to 6.0V with respect 
to Vr, provided Vin is not greater than (Vqc— 2.5V). If the 
input voltage is greater than (Vqq -2.5V), the input current 
will increase. If the input voltage exceeds 6.0V or -4.0V 
with respect to Vr, a resistor in series with the input should 
be used to limit the input current to less than lOOjuA 

ANALOG VOLTAGE AND CURRENT 
Analog Voltage 

Each switch has a constant “ON” resistance (Ron) for ana- 
log voltages from (Vee+5V) to (Vcc - 5V). For analog volt- 
ages greater than (Vqc- 5V), the switch will remain ON in- 
dependent of the logic input voltage. For analog voltages 
less than (Vee+5V), the ON resistance of the switch will 
increase. Although the switch will not operate normally 
when the analog voltage is out of the previously mentioned 
range, the source voltage can go to either (Vee + 36V) or 
(Vcc+6V), whichever is more positive, and can go as nega- 
tive as Vee without destruction. The drain (D) voltage can 
also go to either (Vee + 36V) or (Vqc + 6V), whichever is 
more positive, and can go as negative as (Vcc - 36 V) with- 
out destruction. 

Analog Current 

With the source (S) positive with respect to the drain (D), the 
Ron is constant for low analog currents, but will increase at 
higher currents (>5 mA) when the FET enters the satura- 
tion region. However, if the drain is positive with respect to 
the source and a small analog current loss at high analog 
currents (Note 6) is tolerable, a low Rqn can be maintained 
for analog currents greater than 5 mA at 25°C. 


LEAKAGE CURRENTS 

The drain and source leakage currents, in both the ON and 
the OFF states of each switch, are typically less than 1 nA 
at 25°C and less than 100 nA at 125°C. As shown in the 
typical curves, these leakage currents are Dependent on 
power supply voltages, analog voltage, analog current and 
the source to drain voltage. 

DELAY TIMES 

The delay time OFF (toFF) is essentially independent of 
both the analog voltage and temperature. The delay time 
ON (toN) will decrease as either (Vcc - Va) decreases or 
the temperature decreases. 

POWER SUPPLIES 

The voltage between the positive supply (Vcc) and either 
the negative supply (Vee) or the reference supply (Vr) can 
be as much as 36V. To accommodate variations in input 
logic reference voltages, Vr can range from Vee t0 
(Vcc - 4.5V). Oare should be taken to ensure that the power 
supply leads for the device never become reversed in polar- 
ity or that the device is never inadvertantly installed back- 
wards in a test socket. If one of these conditions occurs, the 
supplies would zener an internal diode to an unlimited cur- 
rent; and result in a destroyed device. 

SWITCHING TRANSIENTS 

When a switch is turned OFF or ON, transients will appear 
at the load due to the internal transient voltage at the gate 
of the switch JFET being coupled to the drain and source by 
the junction capacitances of the JFET. The magnitude of 
these transients is dependent on the load. A lower value R[_ 
produces a lower transient voltage. A negative transient oc- 
curs during the delay time ON, while a positive transient 
occurs during the delay time OFF. These transients are rela- 
tively small when compared to faster switch families. 

DISABLE NODE 

This node can be used, as shown in Figure 5, to turn all the 
switches in the unit off independent of logic inputs. Normal- 
ly, the node floats freely at an internal diode drop (-0.7V) 
above Vr. When the external transistor in Figure 5 is satu- 
rated, the node is pulled very close to Vr and the unit is 
disabled. Typically, the current from the node will be less 
than 1 mA. This feature is not available on the LF11201 or 
LF1 1202 series. 

♦v cc 



FIGURE 5. Disable Function 
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Typical Applications 
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Typical Applications (continued) 
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Typical Applications (Continued) 


Chopper Channel Amplifier 
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BI-FET II Technology 


LF13508 8-Channel Analog Multiplexer 
LF13509 4-Channel Differential Analog Multiplexer 


General Description 

The LF13508 is an 8-channel analog multiplexer which con- 
nects the output to 1 of the 8 analog inputs depending on 
the state of a 3-bit binary address. An enable control allows 
disconnecting the output, thereby providing a package se- 
lect function. 

This device is fabricated with National’s BI-FET technology 
which provides ion-implanted JFETs for the analog switch 
on the same chip as the bipolar decode and switch drive 
circuitry. This technology makes possible low constant 
“ON” resistance with analog input voltage variations. This 
device does not suffer from latch-up problems or static 
charge blow-out problems associated with similar CMOS 
parts. The digital inputs are designed to operate from both 
TTL and CMOS levels while always providing a definite 
break-before-make action. 

The LF13509 is a 4-channel differential analog multiplexer. 
A 2-bit binary address will connect a pair of independent 


analog inputs to one of any 4 pairs of independent analog 
outputs. The device has all the features of the LF13508 
series and should be used whenever differential analog in- 
puts are required. 

Features 

■ JFET switches rather than CMOS 

■ No static discharge blow-out problem 

■ No SCR latch-up problems 

■ Analog signal range 11V, -15V 

■ Constant “ON” resistance for analog signals between 
-11V and 11V 

■ “ON” resistance 380 a typ 

■ Digital inputs compatible with TTL and CMOS 

■ Output enable control 

■ Break-before-make action: toFF^ 0 - 2 jll s; toN = 2 J^s typ 

■ Lower leakage devices available 


Functional Diagrams and Truth Tables 
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LF13508/LF13509 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Positive Supply - Negative Supply (Vcc~Vee) 36 V 

Positive Analog Input Voltage (Note 1 ) Vcc 

Negative Analog Input Voltage (Note 1 ) — ' Vee 

Positive Digital Input Voltage Vcc 

Negative Digital Input Voltage - 5V 

Analog Switch Current | Isl < 1 0 m A 


Electrical Characteristics (Note 3) 


Power Dissipation (Pp at 25°C) 

(Notes 2 & 7) 

Molded DIP (N) P D 500 mW 

Cavity DIP (D) P D 900 mW 

Maximum Junction Temperature (TjMAx) 100°C 

Operating Temperature Range 0 °C^Ta^ +70°C 

Storage T emperature Range - 65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 sec.) 300°C 



*TRAN 

tQPEN 

tON(EN) 

tpFF(EN) 

'SP(PFF) 

CT 

CS(PFF) 

C D(OFF) 

lee 


A Rqn with Analog Voltage 
Swing 


-IOV^Vqut^ + 10V, l s = 100 jllA T a = 25°C 


Rqn Match | Rqn Match Between Switches | Vqut == 0V, Is = 100 J^A 


Source Current in “OFF” 
Condition 

Drain Current in “OFF” 
Condition 

Leakage Current in “ON” 
Condition 

Digital “1” Input Voltage 


Digital “0” Input Voltage 
Digital “0” Input Current 

Digital “0” Enable Current 

Switching Time of Multiplexer 
Break-Before-Make 


Enable Delay “ON” 
Enable Delay “OFF” 


“OFF” Isolation 
Crosstalk 

Source Capacitance (“OFF”) 
Drain Capacitance (“OFF”) 


Positive Supply Current 


T a = 25°C 


Switch “OFF”, V s = 1 1 , V D = - 1 1 , T A = 25°C 
(Note 4) " 

Switch “OFF”, V s = 1 1 , V D = - 1 1 , T A = 25°C 
(Note 4) 

Switch “ON” V D = 11V, (Note 4) T A = 25°C 


V| N = 0.7V T a = 25°C 

V EN = 0.7V T a = 25°C 

(Figure 1), (Note 5) ~ A = 25°C 

(Figure 3) Ta = 25°C 


(Figure 2) Ta = 25°C 

(Figure 2) Ta = 25°C 

(Note 6) ~J a = 25°C 

LF13509 Series, (Note 6) T A =25°C 

Switch “OFF”, V O ut=0V, T A =25°C 

v s =ov 

Switch “OFF”, V O ut=0V, T A =25°C 

V s = 0V 

All Digital Inputs Grounded 


20 150 

5 

0.09 50 

20 ~ 

~~06 500~ 



Negative Supply Current 


All Digital Inputs Grounded 


T A =25°C 


Note 1: If the analog input voltage exceeds this limit, the input current should be limited to less than 10 mA. 

Note 2: The maximum power dissipation for these devices must be derated at elevated temperatures and is dictated by TjMAX. #jA> anc * the ambient temperature, 
Ta- The maximum available power dissipation at any temperature is Pd - (TjMAX -T a)/0]a or the 25°C Pdmax. whichever is less. 

Note 3: These specifications apply for Vg= ±15V and over the absolute maximum operating temperature range Ol^Ta^Th) unless otherwise noted. 

Note 4: Conditions applied to leakage tests insure worse case leakages. Exceeding 11V on the analog input may cause an “OFF” channel to turn “ON”. 

Note 5: Lots are sample tested to this parameter. The measurement conditions of Figure 1 insure worse case transition time. 

Note 6: “OFF” isolation is measured with all switches “OFF” and driving a source. Crosstalk is measured with a pair of switches “ON”, driving channel A and 
measuring channel B. Rl=200, Cl =7 pF, Vs = 3 Vrms, f=500 kHz. 

Note 7: Thermal Resistance 0jA (Junction to Ambient) 

Molded DIP (N) 150°C/W 

Cavity DIP (D) 100°C/W 
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Connection Diagrams 


LF13508 

Dual-In-Line Package 

A2 GND V CC S5 ‘ 


LF 13509 

Dual-ln-Line Package 

A1 GND V CC SIB S2B S3B S4B D B 
I 16 I 15 I 14 I 13 I 12 111 I 10 I 9 



AO EN -V EE SI 


-V EE S1A S2A 
TOP VIEW 


Order Number LF13508D 
See NS Package Number D16C 
Order Number LF13508N 
See NS Package Number N16A 


Order Number LF13509D 
See NS Package Number D16C 
Order Number LF13509N 
See NS Package Number N16A 


AC Test Circuits and Switching Time Waveforms 
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AC Test Circuit and Switching Time Waveforms (Continued) 
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Transition Times and Transients 
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Typical Performance Characteristics 
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Application Hints 

The LF11508 series is an 8-channel analog multiplexer 
which allows the connection of a single load to 1 of 8 differ- 
ent analog inputs. These multiplexers incorporate JFETs in 
a switch configuration which insures a constant “ON” resist- 
ance over the analog voltage range of the device. Four in- 
compatible inputs are provided; a 3-bit binary decode to se- 
lect a particular channel and an enable input used as a 
package select. The switches operate with a break-before- 
make action preventing the temporary connection of 2 ana- 
log inputs during switching. Because these multiplexers are 
fabricated with the BI-FET process rather than CMOS, they 
do not require special handling. 

The LF11509 series is a 4-channel differential multiplexer 
which allows two loads to be connected to 1 of 4 different 
pairs of analog inputs. The LF11509 series also has all the 
features of the LF1 1508. 

ANALOG VOLTAGE AND CURRENT 

The “ON” resistance, Ron. of the analog switches is con- 
stant over a wide input range from positive (Vcc) supply to 
negative (-Vee) supply. 

The analog input should not exceed either positive or nega- 
tive supply without limiting the current to less than 10 mA; 
otherwise the multiplexer may get damaged. For proper op- 
eration, however, the positive analog voltage should be kept 
equal to or less than Vcc — 4V as this will increase the 
switch leakage in both “ON” and “OFF” state and it may 
also cause a false turn “ON” of a normally “OFF” switch. 
This limit applies over the full temperature range. 

The maximum allowable switch “ON” voltage (the drop 
across the switch in the “ON” condition) is ±0.4V over tem- 
perature. If this number is to exceed the input current should 
be limited to 1 0 mA. 

The “ON” resistance of the multiplexing switches varies 
slightly with analog current because they are JFETs running 
at 0V gate to source. The JFET characteristics shown in 
Figure 4 indicates how Ron tends to vary with current. A 
lower Rqn is possible when the source voltage is negative 
with respect to the drain voltage because the JFET be- 
comes enhanced. Caution should be used when operating 
in this mode as this may forward-bias an internal transistor 
and cause high currents to flow in the switches. Thus, the 
drain voltage should never be greater than 0.4V positive 
with respect to the source voltage without limiting the drain 
current to less than 1 0 mA. 


LEAKAGE CURRENTS 

Leakage currents will remain within the specified value as 
long as the drain and source remain within the specified 
analog voltage range. As the switch terminals exceed the 
positive analog voltage range “ON” and “OFF” leakage 
currents increase. The “ON” leakage increases due to an 
internal clamp required by the switch structure. The “OFF” 
leakage increases because the gate to source reverse bias 
has been decreased to the point where the switch becomes 
active. Leakage currents vary slightly with analog voltage 
and will approximately double for every 10°C rise in temper- 
ature. 

SWITCHING TIMES AND TRANSIENTS 

These multiplexers operate with a break-before-make 
switch action. The turn off time is much faster than the turn 
on time to guarantee this feature over the full range of ana- 
log input voltage and temperature. Switching transients are 
introduced when a switch is turned “OFF”. The amplitude of 
these transients may be reduced by increasing the load ca- 
pacitance or decreasing the load resistance. The actual 
charge transfer in the transient may be reduced by operat- 
ing on reduced power supplies. Examples of switching times 
and transients are shown in the typical characteristic 
curves. The enable function switching times are specified 
separately from switch-to-switch transition times and may 
be thought of as package-to-package transition times. 

LOGIC INPUTS AND ENABLE INPUT 

Switch selection in the LF11508 series is accomplished by 
using a 3-bit binary decode while the LF1 1509 series uses a 
2-bit decode. These binary logic inputs are compatible with 
both TTL and CMOS logic voltage levels. The maximum 
positive voltage applied to these inputs may exceed Vcc but 
should not exceed — ' Vee + 36V. The maximum negative 
voltage should not be less than 4V below ground as this will 
cause an internal device to zener and all the switches will 
turn “ON”. 

As shown in the schematic diagram, the logic low bias cur- 
rent will flow until the PNP input is raised above the 3 diode 
reference (~2.1V). Above this voltage the input device be- 
comes reverse biased and the input current drops to the 
leakage of the reverse biased junction (<0.1 jllA). 



V S Q (V) 


v S d <v) 


FIGURE 4. JFET Characteristics 


TL/H/5668-12 
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Typical Applications 


DATA ACQUISITION SYSTEM 


A SIMPLIFIED SYSTEM DISCUSSION 

Analog multiplexers (MUX) are usually used for multi-chan- 
nel Data Acquisition Units (DAU). Figure 5 shows a system 
in which 8 different analog inputs are sampled and convert- 
ed into digital words for further processing. The sample and 
hold circuit is optional, depending on input speed require- 
ments and on A/D converter speed. 

Parameters characterizing the system are: 

System Channels: The number of multiplexer channels. 
Accuracy: The conversion accuracy of each individual sam- 
ple with the system operating at the throughput rate. 

Speed or Throughput Rate: Number of samples/second/ 
channel the system can handle. 

For a discussion on system structure, addressing mode and 
processor interfacing, see application note AN-159. 

A. ACCURACY CONSIDERATIONS 

1. Multiplexer’s Influence on System Accuracy (Figure 6). 
a. The error, (E), caused by the finite “ON” resist- 
ance, Rqn. of the multiplexing switches is given 
by: 


E(%) = — where: 

1 + R|n/( r on + R s + ARqn) 

Rin = following stage input impedance 
A r ON = “ON” resistance modulation which is 
negligible for JFET switches like the LF1 1508 
Example: Let Ron = 450 Cl, ARqn = 0. R S = 0, Ta 
= 25°C and allowable E = 0.01 % which is equivalent 
to 1/2 LSB in a 12-bit system: 

R| N I = Rqn(1 ^° E) = 4.5 M Cl 
Imin ^ 

Note that if temperature effects are included, some 
gain (or full scale) drift will occur; but effects on linearity 
are small. 

b. Multiplexer settling time (t s ): 

t S (ON) : is the time required for the MUX output to 
settle within a predetermined accuracy, as 
shown in Table I. 


TABLE I. 


ERROR % 

BITS 

t s (ON) 

TO 1/2 LSB 

0.2 

8 

6.2t 

0.05 

10 

7.6t 

0.01 

12 

9t 

0.0008 

16 

11. 8t 


t = Cs (Ron + Rs) II r in 

t S (OFF) : is the time takes to discharge Cs within 
a tolerable error. The “OFF” settling time should 
be taken into account for bipolar inputs where its 
effects will appear as a worse case of doubling 
of the t S (ON)- 

2. Sample and Hold Influence on System Accuracy 

The sample and hold, if used, also introduces errors into 
the system accuracy due to: 

• Offset voltage of sample and hold 

• Droop rate in the Hold mode 

• Ta: Aperture time or time delay between the time of a 
digital Hold command and the actual Hold occurance 

• Taq: Acquisition time or time it takes to acquire an 
analog input and settle within a predetermined error 
band 

• Hold step: Error created during the Sample to Hold 
mode caused by an undesirable charge injected into 
the Hold capacitor Ch- 

For more details on sample and hold errors, see the 
LF1 98/LF298/LF398 data sheet. 

3. A/D Converter Influence on System Accuracy 

The “accuracy” of the A/D converter is the best possible 
system accuracy. In most data acquisition systems, the 
A/D converter is the most expensive single component, 
so its error will often dominate system error. Care should 
be taken that MUX, S/H and input source errors do not 
exceed system error requirements when added to A/D 
errors. For instance, if an 8-bit accuracy system is desired 
and an 8-bit A/D converter is used, the accuracy of the 
MUX and S/H should be far better than 8 bits. 

For details on A/D converter specifications, see AN-156. 


C S (Figure 6): MUX output capacitance + fol- 
lowing stage input capacitance + any stray ca- 
pacitance at this node. 



n BITS WORD 


CONVERSION COMPLETE 


FIGURE 5. Random-Addressed, Multiplexed DAU 




2-69 


LF13508/LF13509 





LF13508/LF13509 


Typical Applications (Continued) 

B. SPEED CONSIDERATIONS 

In the system of Figure 5 with the S/H omitted, if n-bit accu- 
racy is desired, the change of the analog input voltage 
should be less than ±1/2 LSB over the A/D conversion 
time Tq. In other words, the analog input slew rate, (rate of 
change of input voltage), will cause a slew-induced error 
and its magnitude, with respect to the total system error, will 
depend on the particular application. 

AV| N I ±1/2 LSB = V FS 

At lmax < T C “ 2n X T c 

where V F s is the full scale voltage of the A/D. Note that 
slew induced errors are not affected by the MUX switch time 
since we can let the unit settle before starting conversion. 

Example: Let T c = 40 juts (MM4357), V FS = 10V and n 
= 8 . 

AVjn| < 1 mV 

At I max 

which is a very small number. A 10 Vp-p sine wave of a 
frequency greater than 32 Hz will have higher slew rate 
than this. The maximum throughput rate of the above 8- 
channel system would be calculated using both the A/D 
conversion time and the sum of MUX switch “ON” time 
and settling time, i.e.: 


Th. R = — — — = 3k samples/sec/ 

I max °0c + Tmux) channel 

Tmux = Ton + Ts(on) 

Also notice that Nyquist sampling criteria would allow 
each channel to have a signal bandwidth of 1 .5 kHz max, 
while the slew limit dictates a maximum frequency of 32 
Hz. If the input signal has a peak-to-peak voltage less 
than 10V, the allowable maximum input frequency can be 
calculated by: 

_ (Slew Rate)max 


On the other hand, if the input voltage is not band-limited a 
low pass filter with an attenuation of 30 dB or better at 1 .5 
kHz, should be connected in front of the MUX. 

1. Improving System Speed with a Sample and Hold 
The system speed can be improved by using the 
S/H shown in Figure 5. This allows a much greater 
rate of change of Vin- 


av in ; Vfs 
At m ax 2" X T A 


where Ta is the aperture time of the S/H. This repre- 
sents an input slew rate improvement by a factor: Tq/ 
Ta- Here again, the slew rate error is not affected by 
the acquisition time of the Sample and Hold since con- 
version will start after the S/H has settled. An impor- 
tant thing to notice is that the sample and hold errors 
will add to the total system error budget; therefore, the 
inequality of the A V^/Lt expression should become 
more stringent 

Example: Tq = 40 jms, T A = 0.5 jus, n = 8: Tq/Ta = 80 
So the use of a S/H allows a speed improvement by 
nearly two orders of magnitude. 

The maximum throughput rate can be calculated by: 


I max 8 (Ta + Taq + Tc) 

Notice that Tmux does not affect the AV|N/At expression 
nor the throughput rate of the system since it may be 
switched and settled while the Sample and Hold is in the 
Hold mode. This is true, provided that: Tmux < Ta + Tq. 

C. SYSTEM EXAMPLE (Figure 7) 

The LF398 S/H with a 1000 pF hold capacitor, has an ac- 
quisition time of 4 jus to 0.1 % (1 /4 LSB error for 8 bits) and 
an aperture time of less than 200 juls. On the other hand, 
after the hold command, the output will settle to ±0.05 mV 
in 1 jus. This, together with the acquisition time, introduces 
approximately a ± 1 /4 LSB error. Allowing another 1 /4 LSB 
error for hold step and gain non-linearity, the maximum slew 
error (AV|isj/At) should not exceed 1/4 LSB or: 


AVlN < 1 x 1 1 

At ^ 4 256 * T a 


~5mV/ju,s 


(which is the maximum slew rate of a 5 V peak sine wave. 
Also notice that, due to the above input slew restrictions, 
the analog delay caused by the finite BW of the S/H and the 
digital delay caused by the response time of the controller 
will be negligible. The maximum throughput rate of the sys- 
tem is: 

Th. R = — 1 -■■■ - = 2800 samples/sec/ch. 

| max 8(5 + 40)10-6 

If the system speed requirements are relaxed, but the A/D 
converter is still too slow, then an inexpensive S/H can be 
built by using just a capacitor and a low cost FET input op 
amp as shown in Figure 8. 
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Typical Applications (Continued) 


D. DOUBLING THE SYSTEM CHANNEL CAPABILITY 

This is done in two different ways. First, we can use second 
level multiplexing with speed benefits, as shown in Figure 9. 
A fast 2-channel multiplexer, made by the dual analog 
switch AMI 82, accepts the outputs of each 8-channel MUX, 
LF13508, and then feeds them sequentially into an 8-bit 
successive approximation A/D converter. With this tech- 
nique, the throughput rate of the system can again be made 
independent of the LF13508 speed. Looking at the timing 
diagram, when the A/D converter converts the analog value 
of an upper multiplexer channel, we switch channels in the 
lower multiplexer for the next conversion. This can be done 
provided that: 

Tmux ^ T c + 1 CP 

The LF356 connected as unity gain buffers are used be- 
cause of the low input impedance of the A/D; they are con- 
nected between multiplexers for speed optimization. With a 
maximum clock frequency of 4.5 MHz: 


Th.R = 


1Q6 

16 X 2 


31 .25k samples/sec/channel 


AVin < J0L x _L 

At max 256 2/xS 


19.5 mV//xs for10V F s 


An alternate way to increase the system channel is shown 
in Figure 10, where the enable pins are used to disable one 
MUX while the other is sampling. With this method, many 8- 
channel multiplexers can be connected, but the parasitic 
capacitance at the common output node will keep increas- 
ing and will eventually degrade the settling time, t S (ON)- 
Also, the MUX speed will now affect the system throughput. 
If, for instance, this method was used instead of second 
level multiplexing, the system of Figure 9 will lose half of its 
speed. If, however, speed is not the prime system require- 
ment, the approach of Figure 10 is more cost effective. 

E. DIFFERENTIAL INPUT SYSTEMS 

Systems operating in industrial environments may require 
an instrumentation amplifier to separate the desired analog 
signal from any common-mode signal present. The 
LF11509 was designed to provide 4 pairs of differential in- 
put signals to the input of an instrumentation amplifier for 
further process. A 4-channel preconditioning circuit is 
shown in Figure 1 1 and a complete system is shown in Fig- 
ure 12. 


15V -15V 



CHANNEL SELECT 


-*• TO A/D 


TL/H/5668-15 


• The acquisition time, T A , of the Sample and Hold depends upon: Ron. bss of switches, Zout of switches 

• Idss = 1-5 itiA, Zout = 40 kfi 

• V| N = 1 0 V, C h = 1 000 pF, T a = 20 jms to 0.1 % 

• Error created by charge injection during Hold mode: AVe = 10 pF (14.5 V-V|n)/C|i 


FIGURE 8. Inexpensive Sample and Hold 
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Typical Applications (Continued) 
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FIGURE 9b. Timing Diagram 
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Schematic Diagrams (Continued) 


LF 13509 





National 
Semiconductor 
Corporation 

MM54HC4016/MM74HC4016 
Quad Analog Switch 

General Description 

These devices are digitally controlled analog switches im- 
plemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low “on” resist- 
ance and low “off” leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. The ‘4016 devices allow control of up to 
12V (peak) analog signals with digital control signals of the 
same range. Each switch has its own control input which 
disables each switch when low. All analog inputs and out- 
puts and digital inputs are protected from electrostatic dam- 
age by diodes to Vcc and ground. 



microCMOS 


Features 

■ Typical switch enable time: 15 ns 

■ Wide analog input voltage range: 0-12V 

■ Low “on” resistance: 50H typ. 

■ Low quiescent current: 80 ju,A maximum (74HC) 

■ Matched switch characteristics 

■ Individual switch controls 



Connection Diagram 

DuaMn-Line Package 

Vcc 1CTL 4CTL 41/0 40/1 30/1 31/0 



Order Number MM54HC4016J or MM74HC4016J, N 
See NS Package J14A or N14A 


Truth Table 


Input 

Switch 

CTL 

l/O-O/l 

L 

“OFF” 

H 

“ON” 


Schematic Diagram 


CONTROL 


“ ^ t 


"TS- 


0/1 


TL/F/5350-2 


2 
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Absolute Maximum Ratings (Notes i & 2 ) Operating Conditions 


Supply Voltage (V C c) 

-0.5 to + 15V 


Min 

Max 

Units 

DC Control Input Voltage (V|n) 

-1.5 to V cc + 1.5V 

Supply Voltage (V C c) 

2 

12 

V 

DC Switch I/O Voltage (V 10 ) 

-0.5 to V C c + 0.5 V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (Iik, Iok) 

±20 mA 

(V|N. Vout) 




DC Output Current, per pin (Iout) 

±25 mA 

Operating Temp. Range 0a) 
MM74HC 

-40 

+ 85 

°c 

DC Vcc or GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

— 65°C to + 150°C 

Input Rise or Fall Times 




Power Dissipation (P D ) (Note 3) 

500 mW 

(tr.tf) V CC =2.0V 


1000 

ns 

Lead Temp. 01) (Soldering 10 seconds) 

260°C 

V C C = 4.5V 


500 

ns 


V CC = 6.0 V 


400 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

25°C 

74HC 

T a = —40 to 85°C 

54HC 

T a =~55 to 125°C 

Units 





Typ 

Guaranteed Limits 


V| H 

Minimum High Level 


2.0V 


1.5 

1.5 

1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




9.0V 


6.3 

6.3 

6.3 

V 




12.0 V 


8.4 

8.4 

8.4 

V 

V| L 

Maximum Low Level 


2.0V 


0.3 

0.3 

0.3 

V 


Input Voltage 


4.5V 


0.9 

0.9 

0.9 

V 




9.0V 


1.8 

1.8 

1.8 

V 




12.0V 


2.4 

2.4 

2.4 

V 

Ron 

Maximum ‘ON’ Resistance 

v ctl = V|h, Is = 1-0 mA 

4.5V 

100 

170 

200 

220 

a 


(See Note 5) 

V|s = Vcc 1° GND 

9.0V 

50 

85 

105 

120 

a 



(Figure 1) 

12.0V 

30 

70 

85 

100 

a 




2.0V 

100 

180 

215 

240 

a 



Vctl = V|h. Is = 1-0 mA 

4.5V 

40 

80 

100 

120 

ft 



V|s = Vcc or GND 

9.0V 

35 

60 

75 

80 

a 



(Figure 1) 

12.0 V 

20 

40 

60 

70 

a 

r on 

Maximum ‘ON’ Resistance 

V CTL = V IH 

4.5V 

10 

15 

20 

20 

a 


Matching 

V|s = Vcc 1° GND 

9.0V 

5 

10 

15 

15 

a 




12.V 

5 

10 

15 

15 

a 

•in 

Maximum Control 

Input Current 

V|n = Vcc or GND 

6.0V 


±0.1 

±1.0 

±1.0 

juA 

liz 

Maximum Switch ‘OFF’ 

Vos = Vcc or GND 

6.0V 


±60 

±600 

±600 

nA 


Leakage Current 

V|s = GND or Vcc 

9.0V 


±80 

±800 

±800 

nA 



Vctl=V| L (Figure 2) 

12.0V 

! 

±100 

±1000 

±1000 

nA 

iiz 

Maximum Switch ‘ON’ 

Vos = Vcc or GND 

6.0V 


±40 

±150 

±150 

nA 


Leakage Current 

Vctl=v, h 

9.0V 


±50 

±200 

±200 

nA 



(Figure 3) 

12.0V 


±60 

±300 

±300 

nA 

Icc 

Maximum Quiescent 

V|N = Vcc ° r GND 

6.0V 


2.0 

20 

40 

julA 


Supply Current 

'OUT = 0 P-A 

9.0V 


4.0 

40 

80 

jxA 




12.0V 


8.0 

80 

160 

jliA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: -12 mW/°Cfrom 65°C to85°C; ceramic “J” package: -12 mW/°Cfrom 100°C to 125°C. 
Note 4: For a power supply of 5V ±1 0% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case Vih and Vil occur at Vcc = 5.5V and 4.5V respectively. (The Vih value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS at 
the higher voltage and so these values should be used. 

Note 5: At supply voltages (Vcc-Vee) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics Vcc = 2.0V- 12.0V, C[_ = 50 pF (unless otherwise specified), (Notes 6 and 7) 


Symbol 

Parameter 

Conditions 

Vcc 

T a = 25°C 

74HC 

T a = —40 to 85°C 

54HC 

T a = —55 to 125°C 

Units 





Typ 


Guaranteed Limits 


tpHL. tpLH 

Maximum Propagation 


2.0V 

25 

50 

62 

75 

ns 


Delay Switch In to 


4.5V 

5 

10 

13 

15 

ns 


Out 


9.0V 

4 

8 

12 

14 

ns 




12.0V 

3 

7 

11 

13 

ns 

tpZL> tpZH 

Maximum Switch Turn 

r l =i kn 

2.0V 

32 

100 

125 

150 

ns 


“ON” Delay 


4.5V 

8 

20 

25 

30 

ns 




9.0V 

6 

12 

15 

18 

ns 




12.0V 

5 

10 

13 

15 

ns 

tpHZ. tPLZ 

Maximum Switch Turn 

R|_ = 1 kfl 

2.0V 

45 

168 

210 

252 

ns 


“OFF” Delay 


4.5V 

15 

36 

45 

54 

ns 




9.0V 

10 

32 

40 

48 

ns 




12.0 V 

8 

30 

38 

45 

ns 


Minimum Frequency 

R|_ = 600H, V|s = 2Vpp 

4.5V 

40 




MHz 


Response (Figure 7) 

at (V CC /2) 

9.0V 

100 




MHz 


20 log (V 0S /V| S ) = -3 dB 

(Notes 6 & 7) 








Control to Switch 

R l = 600H, F = 1 MHz 

4.5V 

100 




mV 


Feedthrough Noise 

C L = 50 pF 

9.0V 

250 




mV 


(Figure 8) 

(Notes 7 & 8) 








Crosstalk Between 
any Two Switches 

R L = 600H, F = 1 MHz 

4.5V 

-52 




dB 


(Figure 9) 


9.0V 

-50 




dB 


Switch OFF Signal 

R L = 600H, F = 1 MHz 








Feedthrough 

VcTL = V| L 








Isolation 

(Notes 7 & 8) 

4.5V 

-42 




dB 


(Figure 1 0) 


9.0V 

-44 




dB 

THD 

Sinewave Harmonic 

R l = 10ka,C L = 50 pF, 








Distortion 

F = 1 kHz 








(Figure 1 1 ) 

V|S = 4Vpp 

4.5V 

0.013 




% 



Vis = 8Vpp 

9.0V 

0.008 




% 

C IN 

Maximum Control 

Input Capacitance 



5 




PF 

C|N 

Maximum Switch 

Input Capacitance 



15 




PF 

C|N 

Maximum Feedthrough 
Capacitance 

v C tl=gnd 


5 




PF 

CpD 

Power Dissipation 
Capacitance 

(per switch) 


15 




pF 


Note 6: Adjust 0 dBm for F = 1 kHz (Null R[_/Ron Attenuation) 
Note 7: Vis is centered at Vcc/2 
Note 8: Adjust input for 0 dBm 
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AC Test Circuits and Switching Time Waveforms 



VCTL = 0V - 


Vcc 


Vis = GND OR Vcc ■ 


AMMETER | CONTROL Vcc 
1 OF 4 


• Vqs = Vcc OR GND 


TL/F/5350-4 


FIGURE 2. “OFF” Channel Leakage Current 




Vcc 


□ 

| 

AMMETER 

Vis = Vcc — ( }■— 

TO GND 

CONTROL Vcc 

1/0 SWITCHES 0/1 




GND j 


I 


Vos (OPEN) 


FIGURE 3. “ON” Channel Leakage Current 


TL/F/5350-5 



Vcc 



L_L 



1 CONTROL Vcc i 



Ln 

1 OF 4 n/1 



SWITCHES 

GND 

rn 



-y 50 pF 


TL/F/5350-6 



FIGURE 4. tpHL* tpi_H Propagation Delay Time Signal Input to Signal Output 


VCTL 


V| S = 0V 


Vcc 


□ 


1 CONTROL Vcc 1 

| I/O 

1 OF 4 0/ , 

SWITCHES 

L_ 

GND 


l 



TL/F/5350-8 



FIGURE 5. tpzu tpiz Propagation Delay Time Control to Signal Output 




AC Test Circuits and Switching Time Waveforms (Continued) 



tPHZ 



FIGURE 6. t PZH , tpHz Propagation Delay Time Control to Signal Output 



TL/F/5350-20 


FIGURE 7. Frequency Response 



Vcc- 


VCTL 


Vos 


t r =6 ns — ► 


r i 


4 

^ 90% » 

% 


■ tf = 6 ns 


- K T 

^ CR0S | ST 


TL/F/5350-13 


FIGURE 8. Crosstalk: Control Input to Signal Output 
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MM54HC4051/MM74HC4051/MM54HC4052/MM74HC4052/MM54HC4053/MM74HC4053 



National 

Semiconductor 

Corporation 


MM54HC4051/MM74HC4051 
8-Channel Analog Multiplexer 
MM54HC4052/MM74HC4052 


PRELIMINARY 



microCMOS 


Dual 4-Channel Analog Multiplexer 
MM54HC4053/MM74HC4053 


Triple 2-Channel Analog Multiplexer 


General Description 

These multiplexers are digitally controlled analog switches 
implemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low “on” resist- 
ance and low “off” leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Also these switches contain linearization cir- 
cuitry which lowers the on resistance and increases switch 
linearity. These devices allow control of up to ± 6V (peak) 
analog signals with digital control signals of 0 to 6V. Three 
supply pins are provided for Vcc. ground, and Vee- This 
enables the connection of 0-5V logic signals when 
Vcc = 5V and an analog input range of ±5V when 
Vee = 5V. All three devices also have an inhibit control 
which when high will disable all switches to their off state. 
All analog inputs and outputs and digital inputs are protect- 
ed from electrostatic damage by diodes to Vcc and ground. 
MM54HC4051 /MM74HC4051 : This device connects to- 
gether the outputs of 8 switches, thus achieving an 8 chan- 
nel Multiplexer. The binary code placed on the A, B, and C 
select lines determines which one of the eight switches is 
“on”, and connects one of the eight inputs to the common 
output. 

MM54HC4052/MM74HC4052: This device connects to- 
gether the outputs of 4 switches in two sets, thus achieving 


a pair of 4-channel multiplexers. The binary code placed on 
the A, and B select lines determine which switch in each 4 
channel section is “on”, connecting one of the four inputs in 
each section to its common output. This enables the imple- 
mentation of a 4-channel differential multiplexer. 
MM54HC4053/MM74HC4053: This device contains 6 
switches whose outputs are connected together in pairs, 
thus implementing a triple 2 channel multiplexer, or the 
equivalent of 3 single-pole-double throw configurations. 
Each of the A, B, or C select lines independently controls 
one pair of switches, selecting one of the two switches to be 
“on”. 

Features 

■ Wide analog input voltage range: +6V 
a Low “on” resistance: 50 typ. (Vcc-Vee = 4.5V) 

30 typ. (Vcc-Vee = 9V ) 

a Logic level translation to enable 5V logic with +5V 
analog signals 

a Low quiescent current: 80 juA maximum (74HC) 
a Matched Switch characteristic 


Connection Diagrams 


Dual-ln-Line Packages 



TL/F/5353-2 


TL/F/5353-3 


Top View 


Top View 


Top View 


Order Number MM54HC4051 J, MM54HC4052J, MM54HC4053J, 
MM74HC4051J, N, MM74HC4052J, N or MM74HC4053J, N 
See NS Package J16A or N16E 
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Absolute Maximum Ratings (Notes 1 & 2) 

Supply Voltage (V C c) -0.5 to + 7.5V 

Supply Voltage (V EE ) +0.5 to -7.5 V 

Control Input Voltage (Vin) - 1 .5 to Vcc + 1 .5V 

Switch I/O Voltage (V| 0 ) V EE -0.5 to V C c + 0.5V 

Clamp Diode Current (Iik, Iok) ± 20 mA 

Output Current, per pin (Iout) ± 25 mA 

Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage Temperature Range (Tstg) -65°C to + 1 50°C 
Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temp. (T L ) (Soldering 10 seconds) 260°C 


DC Electrical Characteristics (Note 4) 


Conditions 


Vih Minimum High Level 
Input Voltage 


Operating Conditions 

Min 

Supply Voltage (Vcc) 2 

Supply Voltage (V EE ) 0 

DC Input or Output Voltage 0 

(V|N. VoUT) 

Operating Temp. Range (T A ) 

MM74HC -40 

MM54HC -55 

Input Rise or Fall Times 
(t r . tf) Vcc = 2 . ( 


Max Units 

6 V 


0 

Vcc 

V 

-40 

+ 85 

°C 

-55 

+ 125 

°C 

V C c = 2-0V 

1000 

ns 

V C C = 4.5V 

500 

ns 

V C C = 6.0 V 

400 

ns 


V EE Vcc 


T a = 25°C 
Typ 


74HC 5 

-40 to 85°C T a = —I 

Guaranteed Limits 


54HC 

-55 to 125°C Units 


Maximum Low Level 
Input Voltage 




Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 

Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N" package: - 12 mW/'C from 65°C to 85°C; ceramic “J” package: - 12 mW/°C from 100°C to 125°C. 
Note 4: For a power supply of 5V ±10% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case Vih and Vil occur at Vcc= 5.5V and 4.5V respectively. (The Vih value at 5.5V is 3.85V.) The worst case leakage current occur for CMOS at 
the higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc-Vee) approaching 2V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 


A 

1 
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DC Electrical Characteristics (Note 4) (Continued) 



T _25°c 74HC 54HC 

Conditions Vgg Vcc Ta= -40 to 85°C Ta = -55 to 125°C Units 

Typl Guaranteed Limits 



Maximum Switch 


Vos = Vqc or GND 

GND 


“OFF” Leakage 

HC4051 

V|s = GND or Vqq 

-6.0V 

US ■ ■ 

Current (Common 


v INH = V|h 


■■ 

Pin) 


Vos = Vcc or GND 

GND 

Q 1 


HC4052 

V|s = GND or Vcc 
V|nh = V|h 

-6.0V 




Vos = Vcc or GND 

GND 

6.0V 


HC4053 

V|s = GND or Vcc 
V|nh = V| H 

-6.0 V 

6.0V 



AC Electrical Characteristics V CC =2.0V-6.0V Vee = 0V-6V, C|_=50 pF (unless otherwise specified) 

T =25°C 74HC 54HC 

i . n i a ii ii A ^ T - =: 10K°r 


tpHL. tpi_H Maximum Propagation 
Delay Switch In to 
Out 


Vee V cc 

GND 2.0V 
GND 4.5V 
-4.5V 4.5V 
-6.0V 6.0V 


74HC 54HC 

-40 to 85°C Ta= —55 to 125°C Units 

Guaranteed Limits 



Cross Talk Between (Figure 8) 
any Two Switches 
(Frequency at -50 dB) 


Feed Through, Switch F= 5 MHz 



Input to Output 


Maximum Control 
Input Capacitance 


Maximum Switch 
Input Capacitance 


Maximum Feedthrough 
Capacitance 


F= 10 MHz 


Input 

4051 Common 

4052 Common 

4053 Common 



10 

10 
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Truth Tables 


’4051 


Input 

“ON” 

Channel 

Inh 

C 

B 

A 

H 

X 

X 

X 

None 

L 

L 

L 

L 

YO 

L 

L 

L 

H 

Y1 

L 

L 

H 

L 

Y2 

L 

L 

H 

H 

Y3 

L 

H 

L 

L 

Y4 

L 

H 

L 

H 

Y5 

L 

H 

H 

L 

Y6 

L 

H 

H 

H 

Y7 


’4052 


Inputs 

“ON” Channels 

Inh 

B 

A 

X 

Y 

H 

X 

X 

None 

None 

L 

L 

L 

OX 

OY 

L 

L 

H 

IX 

1 Y 

L 

H 

L 

2X 

2Y 

L 

H 

H 

3X 

3Y 


'4053 


Input 

“ON 

” Channels 

Inh 

C 

B 

A 

C 

b 

a 

H 

X 

X 

X 

None 

None 

None 

L 

L 

L 

L 

CX 

BX 

AX 

L 

L 

L 

H 

CX 

BX 

AY 

L 

L 

H 

L 

CX 

BY 

AY 

L 

L 

H 

H 

CX 

BY 

AY 

L 

H 

L 

L 

CY 

BX 

AY 

L 

H 

L 

H 

CY 

BX 

AY 

L 

H 

H 

L 

CY 

BY 

AY 

L 

H 

H 

H 

CY 

BY 

AY 


AC Test Circuits and Switching Time Waveforms 


VCTL = V| H . 
(Internal) 


Vcc 


Vis ' 


CONTROL Vcc 

Y TEST 0/1 

SWITCH 

Vee 


Vee 


Vctl=v, l _ 

(Internal) 


1 Vds 


AMMETER 


V, S = GND OR Vcc 1 


Vcc 


CONTROL Vcc 

. TEST 

SWITCH 

Vee 


• Vos = Vcc OR GND 


TL/F/5353-4 


FIGURE 1. “ON” Resistance 


Vee 


FIGURE 2. “OFF” Channel Leakage Current 


TL/F/5353-5 



- Vos (OPEN) 


FIGURE 3. “ON” Channel Leakage Current 


TL/F/5353-6 


Vctl=»V,h 


Vis 



Vcc 



II 



CONTROL V CC 
« TEST n/1 




SWITCH 

Vee 

nn 



TT 50 pF 


Vee 



FIGURE 4. tpHL> tpLH Propagation Delay Time Signal Input to Signal Output 


2 
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AC Test Circuits and Switching Time Waveforms (Continued) 



TL/F/5353-8 

FIGURE 5. tpzu tpLz Propagation Delay Time Control to Signal Output 



TL/F/5353-9 

FIGURE 6. tpzHj tpHz Propagation Delay Time Control to Signal Output 
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Typical Performance Characteristics 


Typical “On” Resistance 



-6 -4 -2 0 2 4 6 

INPUT VOLTAGE (VOLTS) 

VCC - -V EE TL/F/5353-18 
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National 
Semiconductor 
Corporation 

MM54HC4066/MM74HC4066 
Quad Analog Switch 

General Description 

These devices are digitally controlled analog switches utiliz- 
ing microCMOS Technology, 3.5 micron silicon gate P-well 
CMOS. These switches have low “on" resistance and low 
“off” leakages. They are bidirectional switches, thus any 
analog input may be used as an output and visa-versa. Also 
the ’4066 switches contain linearization circuitry which low- 
ers the “on” resistance and increases switch linearity. The 
’4066 devices allow control of up to 12V (peak) analog sig- 
nals with digital control signals of the same range. Each 
switch has its own control input which disables each switch 
when low. All analog inputs and outputs and digital inputs 
are protected from electrostatic damage by diodes to Vcc 
and ground. 



microCMOS 


Features 

a Typical switch enable time: 15 ns 
m Wide analog input voltage range: 0-1 2V 

■ Low “on” resistance: 30 typ. (’4066) 

a Low quiescent current: 80 juA maximum (74HC) 
h Matched switch characteristics 

■ Individual switch controls 



Connection Diagram 

DuaMn-Line Package 
Vcc 1CTL 4CTL 41/0 40/1 30/1 31/0 



Order Number MM54HC4066J or MM74HC4066J, N 
See NS Package J14A or N14A 


Truth Table 


Input 

Switch 

CTL 

l/O-O/l 

L 

“OFF” 

H 

“ON” 


Schematic Diagram 


0/1 



TL/F/5355-2 


2 


2-91 


MM54HC4066/MM74HC4066 




MM54HC4066/MM74HC4066 


Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vcc) - 0.5 to + 1 5V 

DC Control Input Voltage (V|n) - 1 .5 to Vcc + 1 -5V 

DC Switch I/O Voltage (V| 0 ) V EE -0.5 to V C c + 0.5V 

Clamp Diode Current (Iik, Iok) ± 20 mA 

DC Output Current, per pin (Iout) ± 25 mA 

DC Vcc or GND Current, per pin (Ice) ± 50 mA 

Storage T emperature Range (T stg) - 65°C to + 1 50°C 

Power Dissipation (Pd) (Note 3) 500 mW 

Lead Temperature (T|_) 

(Soldering 10 seconds) 260°C 


Operating Conditions 



Min 

Max 

Units 

Supply Voltage (V c c) 

2 

12 

V 

DC Input or Output Voltage 

0 

Vcc 

V 

(V|N> Vout) 

Operating Temp. Range (T A ) 

MM74HC 

-40 

+ 85 

°c 

MM54HC 

-55 

+ 125 

°c 

Input Rise or Fall Times 

(t r ,t f ) V CC =2.0V 


1000 

ns 

Vcc = 4.5V 


500 

ns 

V CC = 9.0V 


400 

ns 


DC 1 

Electrical Characteristics (Note 4) 

Symbol 

Parameter 

Conditions 

Vcc 

Ta = 

= 25°C 

74HC 

T a = -40 to 85°C 

54HC 

T a = —55 to 125°C 

Units 

Typ 

Guaranteed Limits 

V| H 

Minimum High Level 


2.0V 


1.5 

1.5 

1.5 

V 


Input Voltage 


4.5V 


3.15 

3.15 

3.15 

V 




9.0V 


6.3 

5.3 

6.3 

V 




12.0V 


8.4 

8.4 

8.4 

V 

V| L 

Maximum Low Level 


2.0V 


0.3 

0.3 

0.3 

V 


Input Voltage 


4.5V 


0.9 

0.9 

0.9 

V 




9.0V 


1.8 

1.8 

1.8 

V 




12.0V 


2.4 

2.4 

2.4 

V 

Ron 

Maximum “ON” Resistance 

VcTL = Vm, ls = 1 0 mA 

4.5V 

100 

170 

200 

220 

a 


(See Note 5) 

Vis = Vcc ^0 GND 

9.0V 

50 

85 

105 

110 

a 



(Figure 1) 

12.0 

30 

70 

85 

90 

a 




2.0V 

120 

180 

215 

240 

a 



Vctl^Vih, ls = 1-0 mA 

4.5V 

50 

80 

100 

120 

a 



V|s = Vcc or GND 

9.0V 

35 

60 

75 

80 

a 



(Figure 1) 

12.0V 

20 

40 

60 

70 

a 

r on 

Maximum “ON” Resistance 

Vctl =v ih 

4.5V 

10 

15 

20 

20 

a 


Matching 

V|S = Vcc to GND 

9.0V 

5 

10 

15 

15 

a 




12.0V 

5 

10 

15 

15 

a 

l|N 

Maximum Control 

V|N = Vcc or GND 



±0.1 

±1.0 

±1.0 

juA 


Input Current 

V CC =2-6V 







l|Z 

Maximum Switch “OFF” 

Vos = Vcc or GND 

6.0V 

10 

+ 60 

±600 

±600 

nA 


Leakage Current 

V|s=GND or Vcc 

9.0V 

15 

±80 

±800 

±800 

nA 



Vctl=V| L (Figure 2) 

12.0V 

20 

±100 

±1000 

±1000 

nA 

l|Z 

Maximum Switch “ON” 

Vos = v cc or GND 

6.0V 

10 

±40 

±150 

±150 

nA 


Leakage Current 

Vctl=Vih 

9.0V 

15 

±50 

±200 

±200 

nA 



(Figure 3) 

12.0V 

20 

±60 

±300 

±300 

nA 

•cc 

Maximum Quiescent 

V|N = Vcc or GND 

6.0V 


2.0 

20 

40 

juA 


Supply Current 

IqUT = 9 /xA 

9.0V 


4.0 

40 

80 

juA 




12.0V 


8.0 

80 

160 

jliA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 


Note 2: Unless otherwise specified all voltages are referenced to ground. 

Note 3: Power Dissipation temperature derating — plastic “N” package: - 12 mW/°C from 65°C to 85°C; ceramic “J” package: - 12 mW/°C from 100°C to 125°C. 


Note 4: For a power supply of 5V ±1 0% the worst case on resistance (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with this 
supply. Worst case V|h and V|i_ occur at Vcc= 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current occurs for CMOS at the 
higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc-Vee) approaching 2 V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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AC Electrical Characteristics 

Vcc=2.0V-6.0V Vee = 0V-12V, Cl = 50 pF (unless otherwise specified) 

Symbol 

Parameter 

Conditions 

V C c 

T A = 25°C 

74HC 

T A =-40 to 85° C 

54HC 

T A = —55 to 125°C 

Units 

Typ 

Guaranteed Limits 

tpHL, tpLH 

Maximum Propagation 
Delay Switch In to 

Out 


2.0V 

4.5V 

9.0V 

12.0V 

25 

5 

4 

3 

50 

10 

8 

7 

30 

13 

10 

11 

75 

15 

12 

13 

ns 

ns 

ns 

ns 

tpZL> tpZH 

Maximum Switch Turn 
“ON” Delay 

r l =i kn 

2.0V 

4.5V 

9.0V 

12.0V 

30 

12 

6 

5 

100 

20 

12 

10 

125 

25 

15 

13 

150 

30 

18 

15 

ns 

ns 

ns 

ns 

tpHZ. tPLZ 

Maximum Switch Turn 
“OFF” Delay 

R L =1 k ft 

2.0V 

4.5V 

9.0V 

12.0V 

60 

25 

20 

15 

168 

36 

32 

30 

210 

45 

40 

38 

252 

54 

48 

45 

ns 

ns 

ns 


Minimum Frequency 
Response (Figure 7) 

20 log(V 0 /V|)= — 3 dB 

r l = 60on 

V| S = 2Vppat(Vcc/2) 
(Notes 6 & 7) 

4.5V 

9.0V 

40 

100 




MHz 

MHz 


Crosstalk Between 
any Two Switches 
(Figure 8) 

R L =600ft, F=1 MHz 
(Notes 7 & 8) 

4.5V 

9.0V 

-52 

-50 




dB 

dB 


Peak Control to Switch 
Feedthrough Noise 
(Figure 9) 

R L = 600ft, F= 1 MHz 
C L =50pF 

4.5V 

9.0V 

100 

250 




mV 

mV 


Switch OFF Signal 
Feedthrough 

Isolation 
(Figure 10) 

R L =600ft, F= 1 MHz 
V(CT) Vil 
(N otes 7 & 8) 

4.5V 

9.0V 

-42 

-44 




dB 

dB 

THD 

Total Harmonic 
Distortion 
(Figure 11) 

R|_ = 10 kft, Ci_ = 50 pF, 
F= 1 kHz 

V|s = 4 Vp P 

V|s = 8 Vpp 

4.5V 

9.0V 

.013 

.008 




% 

% 

C|N 

Maximum Control 

Input Capacitance 



5 

10 

10 

10 

PF 

C|N 

Maximum Switch 

Input Capacitance 



20 




PF 

C|N 

Maximum Feedthrough 
Capacitance 

Vctl = GND 


0.5 




PF 

Cpd 

Power Dissipation 
Capacitance 



15 




PF 

Note 6: Adjust 0 dBm for F = 1 kHz (Null R|_/Ron Attenuation). 

Note 7: V|§ is centered at Vcc/2. 

Note 8: Adjust input for 0 dBm. 

AC Test Circuits and Switching Time Waveforms 

Vcc 

V C Tl = V,„ , 





CONTROL Vcc 

I/O 1 0F 4 0/1 

SWITCHES 

GNO 

j 

GURE 1. “ON” Re 


¥ CTL »IL 


¥|S 

F 

T 

sist 

»DS 

AMMETER 

Vis -GNO OR Vcc — — 

L/F/5355-3 

ance FIGURE 2 

CONTROL Vcc 

/0 SWITCHES 0/1 

GNO 

| 

“OFF” Channel Le 

Vos -Vcc OR GNO 

TL/F/5355-4 

akage Current 
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AC Test Circuits and Switching Time Waveforms (Continued) 


AMMETER CONTROL V C c 
1 OF 4 


FIGURE 3. “ON” Channel Leakage Current 


I CONTROL V C c | 
V,s |i/o S( J |T ° C F H 4 ES o/i[ 


~tPLH 1^-tpHL 


FIGURE 4. tpHL> tpi_H Propagation Delay Time Signal Input to Signal Output 
Vcc Vcc l PZL 

I 1 * PZl 

I <Rl V cc , > — > 

I CONTROL Vcc I >1kft V CTL Jf$Q% 


v,s=ovi I/O catches 0/1 \ 




FIGURE 5. tpzi_, tpi _2 Propagation Delay Time Control to Signal Output 
Vcc tpZH 


CONTROL Vcc 

Wls =Vcc i/o sv 1,J c f h 4 es »/. 

GND 


-Cl < r l 
" 50 pF S 1 kn 


Vcc 


- Vcc 

0y ___ 

x *50% 

OV 

— ► tpZH *♦“ 



VOH 


S 9 

~ V 0 H 


* *10% 

OV 



FIGURE 6. tpzH> tpnz Propagation Delay Time Control to Signal Output 


Vcc 

n i 


v CC 

- - \J-- 



GND 

> 600n 50 pF 


FIGURE 7. Frequency Response 
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FIGURE 8. Crosstalk: Control Input to Signal Output 


TL/F/5355-9 



TL/F/5355-10 

FIGURE 9. Crosstalk Between Any Two Switches 



FIGURE 10. Switch OFF Signal Feedthrough Isolation 



Typical Performance Characteristics 


Typical “ON” Resistance 



0 2 4 6 8 10 12 


Typical Crosstalk Between 
Any Two Switches 


-30 

-35 

-40 

-45 

—50 




p 

853 ! 




W/a 

p| 

m 

V 


Wk 




■ 


25 

m 




Wj 





-55 

-60 

i 

m 





Va 



■ 

IP 


-70 ^ 


□ 


m 

■ 



100K 1M 10M 100M 


Typical Frequency Response 



INPUT VOLTAGE (V) 


FREQUENCY (Hz) 


FREQUENCY (Hz) 

TL/F/5355-18 
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National 

Semiconductor 

Corporation 


MM54HC4316/MM74HC4316 


PRELIMINARY 



microCMOS 


Quad Analog Switch with Level Translator 


General Description 

These devices are digitally controlled analog switches im- 
plemented in microCMOS Technology, 3.5 micron silicon 
gate P-well CMOS. These switches have low “on” resist- 
ance and low “off” leakages. They are bidirectional 
switches, thus any analog input may be used as an output 
and vice-versa. Three supply pins are provided on the ’4316 
to implement a level translator which enables this circuit to 
operate with 0-6V logic levels and up to ±6V analog switch 
levels. The ’4316 also has a common enable input in addi- 
tion to each switch’s control which when low will disable all 
switches to their off state. All analog inputs and outputs and 
digital inputs are protected from electrostatic damage by 
diodes to Vcc and ground. 


Features 

■ Typical switch enable time: 20 ns 

■ Wide analog input voltage range: ±6V 

■ Low “on” resistance: 50 typ. (Vcc ~Vee = 4.5V) 

30 typ. (Vcc-Vee^QV) 

■ Low quiescent current: 80 /xA maximum (74HC) 

■ Matched switch characteristics 

■ Individual switch controls plus a common enable 


Connection and Logic Diagrams 

Dual-ln-Line Package 
Vcc 1CTL 4CTL 41/0 40/1 30/1 31/0 V E e 



Top View 


Truth Table 


Inputs 

Switch 

En 

CTL 

l/O-O/l 

H 

X 

“OFF” 

L 

L 

“OFF” 

L 

H 

“ON” 


Order Number MM54HC4316J or MM74HC4316J,N 
See NS Package J16A or N16E 
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Absolute Maximum Ratings (Notes i &a) 

Operating Conditions 



Supply Voltage (V C c) 

-0.5 to + 7.5V 


Min 

Max 

Units 

Supply Voltage (Vee) 

+ 0.5 to -7.5V 

Supply Voltage (V C c) 

2 

6 

V 

DC Control Input Voltage (Vin) 

-1.5 to V cc + 1.5 V 

Supply Voltage (Vee) 

0 

-6 

V 

DC Switch I/O Voltage (V (0 ) V E e 

-0.5 to V C c + 0.5V 

DC Input or Output Voltage 

0 

Vcc 

V 

Clamp Diode Current (Iik, Iok) 

±20 mA 

(Vin, Vout) 




DC Output Current, per pin (Iout) 

±25 mA 

Operating Temp. Range (T A ) 
MM74HC 

-40 

+ 85 

°c 

DC Vqc or GND Current, per pin (Ice) 

±50 mA 

MM54HC 

-55 

+ 125 

°c 

Storage Temperature Range (Tstg) 

— 65°C to + 1 50°C 

Input Rise or Fall Times 




Power Dissipation (Pd) (Note 3) 

500 mW 

> 

o 

evi 

II 

o 

o 

> 


1000 

ns 

Lead Temperature (T|_) 


V CC = 4.5V 


500 

ns 

(Soldering 10 seconds) 

260°C 

V CC = 6.0V 

V CC = 12.0 V 


400 

250 

ns 

ns 


DC Electrical Characteristics (Note 4) 


Symbol 

Parameter 

Conditions 

Vee 

V C c 

Ta = 

= 25°C 

74HC 

T a =-40 to 85°C 

54HC 

T a = -55 to 125°C 

Units 






Typ 

Guaranteed Limits 



Minimum High Level 



2.0V 


1.5 

1.5 

1.5 

V 


Input Voltage 



4.5V 


3.15 

3.15 

3.15 

V 





6.0V 


4.2 

4.2 

4.2 

V 

V| L 

Maximum Low Level 



2.0V 


0.3 

0.3 

0.3 

V 


Input Voltage 



4.5V 


0.9 

0.9 

0.9 

V 





6.0V 


1.2 

1.2 

1.2 

V 

Ron 

Minimum “ON” Resistance 

VCTL = V||+ Is = 1-0 m A 

GND 

4.5V 

100 

170 

200 

220 

a 


(See Note 5) 

Vis=Vcc to Vee 

-4.5 V 

4.5V 

40 

85 

105 

110 

a 



(Figure 1) 

-6.0 V 

6.0V 

30 

70 

85 

90 

a 




GND 

2.0V 

100 

180 

215 

240 

a 



Vqtl = V|H. ls = 1 -° m A 

GND 

4.5V 

40 

80 

100 

120 

a 



v is =v cc or Vee 

-4.5V 

4.5V 

50 

60 

75 

80 

a 



(Figure 1) 

-6.0 V 

6.0V 

20 

40 

60 

70 

a 

Ron 

Maximum “ON” Resistance 

Vctl=Vih 

GND 

4.5V 

10 

15 

20 

20 

a 


Matching 

V|s = Vqc to GND 

-4.5V 

4.5V 

5 

10 

15 

15 

a 




-6.0V 

6.0V 

5 

10 

15 

15 

a 

■in 

Maximum Control 

Input Current 

V|n = Vcc or GND 

GND 

6.0V 


±0.1 

±1.0 

±1.0 

fxA 

liz 

Maximum Switch “OFF” 

Vos = Vcc or GND 

GND 

6.0V 


±60 

±600 

±600 

nA 


Leakage Current 

V|g=GND or Vcc 
Vctl = Vil (Fig 2) 

-6.0V 

6.0V 


±100 

±1000 

±1000 

nA 

liz 

Maximum Switch “ON” 

Vos = Vcc or GND 

GND 

6.0V 


±40 

±150 

±150 

nA 


Leakage Current 

Vctl = V| H 
(Figure 3) 

-6.0V 

6.0V 


±60 

±300 

±300 

nA 

•cc 

Maximum Quiescent 

V|N = Vcc ° r GND 

GND 

6.0V 


2.0 

i 

20 

40 

juA 


Supply Current 

IOUT = 0 J^A 

-6.0V 

6.0V 


8.0 

80 

160 

juA 


Note 1: Absolute Maximum Ratings are those values beyond which damage to the device may occur. 
Note 2: Unless otherwise specified all voltages are referenced to ground. 


Note 3: Power Dissipation temperature derating — plastic “N” package: - 12 mW/°C from 65°C to 85°C; ceramic “J” package: - 12 mW/°C from 1 00°C to 1 25°C. 
Note 4: For a power supply of 5V ±10% the worst case on resistances (Ron) occurs for HC at 4.5V. Thus the 4.5V values should be used when designing with 
this supply. Worst case Vm and V|l occur at V<x = 5.5V and 4.5V respectively. (The Vm value at 5.5V is 3.85V.) The worst case leakage current occurs for CMOS 
at the higher voltage and so the 5.5V values should be used. 

Note 5: At supply voltages (Vcc-Vee) approaching 2 V the analog switch on resistance becomes extremely non-linear. Therefore it is recommended that these 
devices be used to transmit digital only when using these supply voltages. 
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MM54HC4316/MM74HC4316 


AC Electrical Characteristics 








Vqc = 2.0V-6.0V, Vee = 0V-6V, Cl = 50 pF (unless otherwise specified) 













74HC 

54HC 


Symbol 

Parameter 

Conditions 

Vee 

V cc 

T A = +25°C 

T a =- 40°C 
to +85°C 

T a = — 55°C 
to +125°C 

Units 






Typ 

Guaranteed Limits 


tpHL. tp|_H 

Maximum Propagation 


GND 

2.0 V 

25 

50 

63 

75 

ns 


Delay Switch In to 


GND 

4.5V 

5 

10 

13 

15 

ns 


Out 


-4.5V 

4.5V 

4 

8 

12 

14 

ns 




-6.0V 

6.0V 

3 

7 

11 

13 

ns 

tpZL> tpZH 

Maximum Switch Turn 

r l =i kn 

GND 

2.0V 

30 

165 

206 

250 

ns 


“ON” Delay 


GND 

4.5V 

20 

35 

43 

53 

ns 


(Control) 


-4.5V 

4.5V 

15 

32 

39 

48 

ns 




-6.0V 

6.0V 

14 

30 

37 

45 

ns 

tpHZ» tPLZ 

Maximum Switch Turn 

R L = 1 kn 

GND 

2.0V 

45 

250 

312 

375 

ns 


“OFF” Delay 


GND 

4.5V 

25 

50 

63 

75 

ns 


(Control) 


-4.5V 

4.5V 

20 

44 

55 

66 

ns 




-6.0V 

6.0V 

20 

44 

55 

66 


tpZL. tpZH 

Maximum Switch 


GND 

2.0V 

35 

205 

256 

308 

ns 


Turn “ON” Delay 


GND 

4.5V 

20 

41 

52 

62 

ns 


(Enable) 


-4.5V 

4.5V 

19 

38 

48 

57 

ns 




-6.0V 

6.0V 

18 

36 

45 

54 

ns 

tPLZ. tpHZ 

Maximum Switch 


GND 

2.0V 

58 

265 

330 

400 

ns 


Turn “OFF” Delay 


GND 

4.5V 

28 

53 

67 

79 

ns 


(Enable) 


-4.5 V 

4.5V 

23 

47 

59 

70 

ns 




-6.0 V 

6.0V 

21 

47 

59 

70 

ns 


Minimum Frequency 

Rl = 600H, V| S = 2V PP 

OV 

4.5 

40 




MHz 


Response {Figure 7) 

at (Vcc-Vee/2) 

-4.5V 

4.5V 

100 




MHz 


20 log (V 0S /V| S )=-3dB 

(Notes 6, 7) 









Control to Switch 

R L = 600n, F = 1 MHz 

OV 

4.5V 

100 




mV 


Feedthrough Noise 

C L = 50 pF 

-4.5 V 

4.5V 

250 




mV 


{Figure 8) 

(Notes 7, 8) 









Crosstalk Between 
any Two Switches 

R l = 600H, F = 1 MHz 

OV 

4.5V 

-52 




dB 


{Figure 9) 


-4.5 V 

4.5V 

-50 




dB 


Switch OFF Signal 

R L = 600H, F = 1 MHz 









Feedthrough 

VcTL = V|L, 

OV 

4.5V 

-42 




dB 


Isolation 
{Figure 10) 

(Notes 7, 8) 

-4.5V 

4.5V 

-44 




dB 

THD 

Sinewave Harmonic 

R L = 10Kn,C L = 50 pF, 









Distortion 

F = 1 KHz 









(Figure 11) 

V is = 4Vpp 

OV 

4.5V 

0.013 




% 



Vis = 8Vpp 

-4.5V 

4.5V 

0.008 




% 

C|N 

Maximum Control 

Input Capacitance 




5 




PF 

C|N 

Maximum Switch 

Input Capacitance 



1 

35 




PF 

C|N 

Maximum Feedthrough 
Capacitance 

Vctl = GND 



0.5 





CpD 

Power Dissipation 
Capacitance 




15 




pF 

Note 6: Adjust 0 dBm for F = 1 KHz (Null R|_/Ron Attenuation). 








Note 7: Vis is centered at V<x-Vee /2 - 
Note 8: Adjust for 0 dBm. 
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AC Test Circuits and Switching Time Waveforms 


V CTL=V|H ■ 


Vcc 


Vis " 


CONTROL Vcc 


I/O 


SWITCHES 


Vee 


‘ Vds 


VCR-Va- 


Vcc 


Vis - GNO OR Vcc - 


AMMETER | CONTROL V C c 

| 1/0 SWITCHES 0/1 1 

Vee 


■ Vos-VccORGND 


TL/F/5369-3 

FIGURE 1. “ON” Resistance 


U EE TL/F/5369-4 

FIGURE 2. “OFF” Channel Leakage Current 


VCTL= V IH 


Vcc 


Vis = Vcc 
TO GNO 



Vos 


vee 

FIGURE 3. “ON” Channel Leakage Current 


TL/F/5369-5 


Vctl=Vih- 


Vis- 



Vcc 



L 



CONTROL Vcc 



1/0 SWITCHES 0/1 
Vee 

hn 


\ 

— 1 — 50 pF 


"Vos 


Vee 



FIGURE 4. tpHLi tpi_H Propagation Delay Time Signal Input to Signal Output 


VCTL 


V| S = OV 




FIGURE 5. tpzL, t PL z Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Continued) 


_____ Vcc 
I CONTROL Vcc 


Vcc y- 




0V — r 

OV 

— tpzH 

•*— 

Voh 

S* — Voh 


*<o% ov 



_VEE 1 -i-c L £r l v 0 „ y Voh 

T T • 

Vee «ir (Vcc-v £ e)/2 

FIGURE 6. tpzH, tphz Propagation Delay Time Control to Signal Output 


CONTROL V cc 

f, n o— IN/ OUT OUT/ IN 
Vee 


FIGURE 7. Frequency Response 


CONTROL Vcc 



^6001! -J-5 


FIGURE 8. Crosstalk: Control Input to Signal Output 



V|S(1) ov 



FIGURE 9: Crosstalk Between Any Two Switches 
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AC Test Circuits and Switching Time Waveforms (Continued) 


V C c v cc 



TL/F/5369-19 

FIGURE 10. Switch OFF Signal Feedthrough Isolation 



Typical Performance Characteristics 


Typical “ON” Resistance 



INPUT VOLTAGE (V) 

TL/F/5369-21 


Typical Crosstalk Between 
Any Two Switches 



Typical Frequency Response 



TL/F/5369-23 
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Definition Of Terms 
A/D Converters 


Conversion Time: The time required for a complete mea- 
surement by an analog-to-digital converter. 

DC Common-Mode Error: This specification applies to 
ADCs with differential inputs. It is the change in the output 
code that occurs when the analog voltages on the two in- 
puts are changed by an equal amount. It is expressed in 
LSBs. 

Differential Nonlinearity: Ideally, any two adjacent digital 
codes correspond to measured analog voltages that are ex- 
actly one LSB apart. Differential non-linearity is a measure 
of the worst case deviation from the ideal 1 LSB step. For 
example, a DAC with a 1 .5 LSB output change for a 1 LSB 
digital code change exhibits y 2 LSB differential non-linearity. 
Differential non-linearity may be expressed in fractional bits 
or as a percentage of full scale. A differential non-linearity 
greater than 1 LSB will lead to a non-monotonic transfer 
function in a DAC and missing codes in an ADC. 

Gain Error (Full Scale Error): For an ADC, the difference 
(usually expressed in LSBs) between the input voltage that 
should ideally produce a full scale output code and the actu- 
al input voltage that produces that code. For DACs, it is the 
difference between the output voltage (or current) with full 
scale input code and the ideal voltage (or current) that 
should exist with a full scale input code. 

Gain Temperature Coefficient (Full Scale Temperature 
Coefficient): Change in gain error divided by change in 
temperature. Usually expressed in parts per million per de- 
gree Celsius (ppm/°C). 

Integral Nonlinearity (Linearity Error): Worst case devia- 
tion from the line between the endpoints (zero and full 
scale). Can be expressed as a percentage of full scale or in 
fractions of an LSB. 

LSB (Least-Significant Bit): In a binary coded system this 
is the bit that carries the smallest value or weight. Its value 
is the full scale voltage (or current) divided by 2 n , where n is 
the resolution of the converter. 

Missing Codes: When an incremental increase or decrease 
in input voltage causes the converter to increment or decre- 
ment its numeric output by more than one LSB the convert- 
er is said to exhibit “missing codes”. If there are missing 
codes, there is a numeric value on the output on the con- 
verter which cannot be reached by any input voltage value. 
Monotonicity: A monotonic function has a slope whose 
sign does not change. A monotonic DAC has an output that 
changes in the same direction (or remains constant) for 
each increase in the input code. The converse is true for 
decreasing codes. 

MSB (Most Significant Bit): In a binary coded system this 
is the bit that has the largest value or weight. Its value is one 
half of full scale. 


Multiplying DAC: In a sense, every DAC is a multiplying 
DAC since the output voltage (or current) is equal to the 
reference voltage times a constant determined by the digital 
input code divided by 2 n (n is the number of bits of resolu- 
tion). In a two quadrant multiplying DAC the reference volt- 
age or the digital input code can change the output voltage 
polarity. If both the reference voltage and the digital code 
change the output voltage polarity four quadrant multiplica- 
tion exists. 

Offset Error (Zero Error): In a DAC, this is the output volt- 
age that exists when the input digital code is set to give an 
ideal output of zero volts. In the case of an ADC, this is the 
difference between the ideal input voltage (y 2 LSB) and the 
actual input voltage that is needed to make the transition 
from zero to 1 LSB. All the digital codes in the transfer curve 
are offset by the same value. Many converters allow nulling 
of offset with an external potentiometer. Offset error is usu- 
ally expressed in LSBs. 

Power Supply Rejection (Power Supply Sensitivity): The 

sensitivity of a converter to changes in the dc power supply 
voltages. 

Quantizing Error: The error inherent in all A/D conver- 
sions. Since even an “ideal” converter has finite resolution, 
any analog voltage that falls between two adjacent output 
codes will result in an output code that is inaccurate by up to 
y 2 LSB. 

Ratiometric Operation: Many A/D applications require a 
stable and accurate reference voltage against which the in- 
put voltage is compared. This approach results in an abso- 
lute conversion. Some applications, however, use trans- 
ducers or other signal sources whose output voltages are 
proportional to some external reference. In these ratiomet- 
ric applications, the reference for the signal source should 
be connected to the reference input of the converter. Thus, 
any variations in the source reference voltage will also 
change the converter reference voltage and produce an ac- 
curate conversion. 

Resolution: The smallest analog increment corresponding 
to a 1 LSB converter code change. For converters, resolu- 
tion is normally expressed in bits, where the number of ana- 
log levels is equal to 2 n . As an example, a 12-bit converter 
divides the analog signal into 2i 2 = 4096 discrete voltage 
(or current) levels. 

Settling Time: The time from a change in input code until a 
DAC’s output signal remains within ± y 2 LSB (or some other 
specified tolerance) of the final value. 
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A/D Converter Selection Guide 

Part 

No. 

Resolution 

(Bits) 

Absolute 

Accuracy 

(Max) 

Conversion 

Time 

Input 

Voltage 

Range 

Output 

Logic 

Levels 

Supplies 

(V) 

Temperature 

Range* 

Package 


M 

1 

C 

A/D CONVERTER 

ADC0800 

8 

±2 LSB 

50 /as 

±5V 

TTL, 

TRI-STATE 

+ 5, -12 

• 


• 

18-Pin DIP 


ADC0801 

8 

± % LSB 

110 /AS 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 


20-Pin DIP 

Differential Input 

ADC0802 

8 

±V 2 lsb 

110 juts 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 

20-Pin SO 
20-Pin PCC 

Differential Input 

ADC0803 

8 

±V 2 lsb 

110 /as 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 

20-Pin SO 

20-Pin PCC 

Differential Input 

ADC0804 

8 

±1 LSB 

1 10 /as 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

20-Pin DIP 

20-Pin SO 

20-Pin PCC 

Differential Input 

ADC0805 

8 

±1 LSB 

110 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 


20-Pin DIP 

Ratiometric 

Operation 

ADC0808 

8 

±y 2 LSB 

100 /as 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 


28-Pin DIP 

28-Pin PCC 

8-Channel MUX 

ADC0809 

8 

±1 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 


28-Pin DIP 

28-Pin PCC 

8-Channel MUX 

ADC0811B 

8 

±y 2 LSB 

32 /as 

5V 

TTL 

+ 5 


• 

• 

20-Pin DIP 

20-Pin PCC 

11 -Channel 

Serial I/O 

ADC0811C 

8 

±1 LSB 

32 ns 

5V 

TTL 

+ 5 


• 

• 

20-Pin DIP 

20-Pin PCC 

11 -Channel 

Serial I/O 

ADC0816 

8 

±y 2 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 


40-Pin DIP 

16-Channel MUX 

ADC0817 

8 

±1 LSB 

100 ju,S 

5 V 

TTL, 

TRI-STATE 

+ 5 


• 


40-Pin DIP 

16-Channel MUX 

ADC0819B 

8 

± Vi LSB 

16 /as 

5V 

TTL 

+ 5 


• 

• 

28-Pin DIP 

28-Pin PCC 

19-Channel 

Serial I/O 

ADC0819C 

8 

±1 LSB 

16 /as 

5V 

TTL 

+ 5 


• 

• 

28-Pin DIP 

28-Pin PCC 

19-Channel 

Serial I/O 

ADC0820B 

8 

±y 2 LSB 

1.2 /as 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 

20-Pin SO 

20-Pin PCC 

Built-In Track and 

Hold Function 

ADC0820C 

8 

±1 LSB 

1 .2 /as 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 

20-Pin SO 

20-Pin PCC 

Built-In Track and 

Hold Function 
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A/D Converter Selection Guide (continued) 

Part 

No. 

Resolution 

(Bits) 

Absolute 

Accuracy 

(Max) 

Conversion 

Time 

Input 

Voltage 

Range 

Output 

Logic 

Levels 

Supplies 

(V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

C 

A/D CONVERTER (Continued) 

ADC0829B 

8 

±y 2 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 




28-Pin DIP 

Additional Digital 
Input Capability 

ADC0829C 

8 

±1 LSB 

100 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 


28-Pin DIP 

Additional Digital 
Input Capability 

ADC0831 B 

8 

±y 2 LSB 

32 jlxs 

5V 

TTL 

+ 5 


0 

• 

8-Pin DIP 

Serial I/O 

ADC0831C 

8 

±1 LSB 

32 jllS 

5V 

TTL 

+ 5 


• 

• 

8-Pin DIP 

Serial I/O 

ADC0832B 

8 

±y 2 LSB 

32 fis 

5V 

TTL 

+ 5 


• 

• 

8-Pin DIP 

2-Channel 

Serial I/O 

ADC0832C 

8 

±1 LSB 

32 jus 

5V 

TTL 

+ 5 


• 

• 

8-Pin DIP 

2-Channel 

Serial I/O 

ADC0833B 

8 

±y 2 LSB 

32 jus 

5V 

TTL 

+ 5 


• 

• 

14-Pin DIP 

4-Channel 

Serial I/O 

ADC0833C 

8 

±1 LSB 

32 jus 

5V 

TTL 

+ 5 


• 

• 

14-Pin DIP 

4-Channel 

Serial I/O 

ADC0834B 

8 

±y 2 LSB 

32 jus 

5V 

TTL 

+ 5 


• 

• 

14-Pin DIP 

4-Channel 

Serial I/O 

ADC0834C 

8 

±1 LSB 

32 jus 

5V 

TTL 

+ 5 


• 

• 

14-Pin DIP 

4-Channel 

Serial I/O 

ADC0838B 

8 

±y 2 LSB 

32 jus 

5V 

TTL 

+ 5 


• 

• 

20-Pin DIP 
20-Pin PCC 

8-Channel 

Serial I/O 

ADC0838C 

8 

±1 LSB 

32 fis 

5V 

TTL 

+ 5 


• 

• 

20-Pin DIP 

20-Pin PCC 

8-Channel 

Serial I/O 

ADC0841 B 

8 

±y 2 LSB 

40 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

20-Pin DIP 

20-Pin PCC 

Differential Input, 
Internal Clock 

ADC0841 C 

8 

±1 LSB 

40 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

20-Pin DIP 

20-Pin PCC 

Differential Input, 
Internal Clock 

ADC0844B 

8 

±y 2 LSB 

40 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

20-Pin DIP 

4-Channel MUX, 
Internal Clock 

ADC0844C 

8 

±1 LSB 

40 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

20-Pin DIP 

4-Channel MUX, 
Internal Clock 

ADC0848B 

8 

±i/ 2 LSB 

40 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

28-Pin DIP 
28-Pin PCC 

8-Channel MUX, 
Internal Clock 

ADC0848C 

8 

±1 LSB 

40 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

28-Pin DIP 
28-Pin PCC 

8-Channel MUX, 
Internal Clock 

ADC1001C 

10 

±1 LSB 

200 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

20-Pin DIP 

8-Bit Bus 
Compatible, 
Differential Input 

ADC1005B 

10 

±y 2 LSB 

50 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 
20-Pin PCC 

8-Bit Bus 
Compatible, 
Differential Input 
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A/D Converter Selection Guide (continued) 

Part 

No. 

Resolution 

(Bits) 

Absolute 

Accuracy 

(Max) 

Conversion 

Time 

Input 

Voltage 

Range 

Output 

Logic 

Levels 

Supplies 

<V) 

Temperature 

Range* 

Package 

Comments 

M 

1 

C 

A/D CONVERTER (Continued) 

ADC1005C 

10 

+ 1 LSB 

50 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

20-Pin DIP 

20-Pin PCC 

8-Bit Bus 
Compatible, 
Differential Input 

ADC1021C 

10 

±1 LSB 

200 jus 

5V 

TTL, 

TRI-STATE 

+ 5 


• 

• 

24-Pin DIP 

Differential Input 

ADC1025B 

10 

+ y 2 LSB 

50 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

24-Pin DIP 

28-Pin PCC 

Differential Input 

ADC1025C 

10 

±1 LSB 

50 jus 

5V 

TTL, 

TRI-STATE 

+ 5 

• 

• 

• 

24-Pin DIP 

28-Pin PCC 

Differential Input 

ADC1205B 

12 + sign 

+ y 2 LSB 

100 jus 

±5V 

TTL, 

TRI-STATE 

+ 5, ±5 


• 

• 

24-Pin DIP 

8-Bit Bus 
Compatible, 
Differential Input 

ADC1205C 

12 + sign 

±1 LSB 

100 jus 

+ 5V 

TTL, 

TRI-STATE 

+ 5, ±5 


• 

• 

24-Pin DIP 

8-Bit Bus 
Compatible, 
Differential Input 

ADC1210 

12 

± 3 / 4 lsb 

200 jus 

10.2V 

CMOS 

+ 5 to ±15 

• 

• 


24-Pin DIP 


ADC1211 

12 

±2 LSB 

200 jus 

10.2V 

CMOS 

+ 5 to ±5 

• 

• 


24-Pin DIP 


ADC1225B 

12 + sign 

+ y 2 LSB 

100 jus 

+ 5V 

TTL, 

TRI-STATE 

+ 5, ±5 


• 

• 

28-Pin DIP 

Differential 

Input 

ADC1225C 

12 + sign 

+ 1 LSB 

100 jus 

±5V 

TTL, 

TRI-STATE 

+ 5, +5 


• 

• 

28-Pin DIP 

Differential 

Input 

ADC3511 

3y 2 -Digit 

0.05% 

200 ms 

2V 

TTL, 

TRI-STATE 

+ 5 



• 

24-Pin DIP 

Integrating 
juP Compatible 

ADC3711 

3%-Digit 

0.05% 

400 ms 

2V 

TTL, 

TRI-STATE 

+ 5 



• 

24-Pin DIP 

Integrating 
juP Compatible 

LM131 

V-F 

0.01% 

N/A 

< 

o 

o 

1 

Open 

Collector 

+ 5 to +40 

• 

• 

• 

8-Pin DIP or 

TO-99 Can 

Voltage-to- 

Frequency 

Converter 

100 kHz Max 

DIGITAL VOLTMETER 

ADD3501 

3y 2 -Digit 

0.05% 

200 ms 

2V 

7-Segment 
LED Drive 

+ 5 



• 

28-Pin DIP 

314 -Digit 

LED DVM 

ADD3701 

3y 2 -Digit 

0.05% 

400 ms 

2 V 

7-Segment 
LED Drive 

+ 5 



• 

28-Pin DIP 

334-Digit 

LED DVM 

Temperature ranges: “M” is -55°C to +125°C ambient; “1” is -40°C to + 85°C or -25°C to +85°C; “C” is 0°C to + 70°C. 
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ADC0800 8-Bit A/D Converter 


General Description 

The ADC0800 is an 8-bit monolithic A/D converter using P- 
channel ion-implanted MOS technology. It contains a high 
input impedance comparator, 256 series resistors and ana- 
log switches, control logic and output latches. Conversion is 
performed using a successive approximation technique 
where the unknown analog voltage is compared to the re- 
sistor tie points using analog switches. When the appropri- 
ate tie point voltage matches the unknown voltage, conver- 
sion is complete and the digital outputs contain an 8-bit 
complementary binary word corresponding to the unknown. 
The binary output is TRI-STATE® to permit bussing on com- 
mon data lines. 

The ADC0800PD is specified over -55°C to + 1 25°C and 
the ADC0800PCD is specified over 0°C to 70°C. 


Features 

■ Low cost 

■ ±5V, 10V input ranges 

■ No missing codes 

■ Ratiometric conversion 

■ TRI-STATE outputs 

■ Fast To = 50 ju,s 

■ Contains output latches 

■ TTL compatible 

■ Supply voltages 5 Vqq and -12 Vpc 

■ Resolution 8 bits 

■ Linearity +1 LSB 

■ Conversion speed 40 clock periods 

■ Clock range 50 to 800 kHz 


Block Diagram 



TL/H/5670-1 


(00000000=+ full-scale) 


TRI-STATE® is a registered trademark of National Semiconductor Corp. 
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Absolute Maximum Ratings (Notei) 

If Military/ Aerospace specified devices are required, Power Dissipation (Note 3) 875 mW 

contact the National Semiconductor Sales Office/ ESD Susceptibility (Note 4) 500V 

Distributors for availability and specifications. storage Temperature 1 50 o C 

Supply Voltage (Vqd) V§s 22V Lead Temperature (Soldering, 10 sec.) 300°C 

Supply Voltage (Vqg) V S s - 22V 

Voltage at Any Input V SS + 0.3V to V SS -22V Operating Ratings (Note 1) 

Input Current at Any Pin (Note 2) 5 mA Temperature Range T M)N £ T A <: T M ax 

Package Input Current (Note 2) 20 mA ADC0800PD -55°C ^ Ta ^ + 125°C 

ADC0800PCD 0°C ^ T A ^ + 70°C 

Electrical Characteristics 

These specifications apply for V S s = 5.0 V D c, Vqg= -12.0 V DC , Vdd=0 Vdc. a reference voltage of 10.000 V D q across the 
on-chip R-network (Vr_netw0RK TOP = 5-000 Vdc and Vr_netW0RK BOTTOM = ~ 5.000 Vdc). and a clock frequency of 800 
kHz. For all tests, a 47511 resistor is used from pin 5 to Vr.network bottom = —5 Vdc- Unless otherwise noted, these 
specifications apply over an ambient temperature range of - 55°C to + 1 25°C for the ADC0800PD and 0°C to + 70°C for the 
ADC0800PCD. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Non-Linearity 

T a = 25°C, (Note 8) 

Over Temperature, (Note 8) 



±1 

±2 

LSB 

LSB 

Differential Non-Linearity 




±v* 

LSB 

Zero Error 




±2 

LSB 

Zero Error Temperature Coefficient 

(Note 9) 



0.01 

%/°C 

Full-Scale Error 




±2 

LSB 

Full-Scale Error Temperature Coefficient 

(Note 9) 



0.01 

%/°C 

Input Leakage 




1 

juA 

Logical “1” Input Voltage 

All Inputs 

CO 

1 

o 


VsS 

V 

Logical “0” Input Voltage 

All Inputs 

Vgg 


Vss-4.2 

V 

Logical Input Leakage 

T A = 25°C, All Inputs, V||_= 
Vss-iov 



1 

juA 

Logical “1” Output Voltage 

All Outputs, Iqh = 100 julA 

2.4 



V 

Logical “0” Output Voltage 

All Outputs, Iol^ i-6 mA 



0.4 

V 

Disabled Output Leakage 

T A =25°C, All Outputs, Vql = 
v S s@iov 



2 


Clock Frequency 

0°C^T a ^ + 70°C 
-55°C^T a ^ + 125°C 

50 

100 


■9 

H 

Clock Pulse Duty Cycle 


40 


60 

% 

TRI-STATE Enable/Disable Time 




1 

fxs 

Start Conversion Pulse 

(Note 10) 

1 


3y 2 

Clock 

Periods 

Power Supply Current 

T a = 25°C 



20 

mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: When the input voltage (V|n) at any pin exceeds the power supply rails (V|n < V~ or V|n > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax- 0ja> anc * the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax “ Ta)/0ja or the num * 3er given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125°C, and the typical junction-to-ambient thermal resistance of the ADC0800PD and ADC0800PCD when board mounted is 66°C/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: Typicals are at 25°C and represent most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 8: Non-linearity specifications are based on best straight line. 

Note 9: Guaranteed by design only. 

Note 10: Start conversion pulse duration greater than 3 y 2 clock periods will cause conversion errors. 
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Timing Diagram 
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Data is complementary binary (full scale is all “0’s” output). 


Application Hints 

OPERATION 

The ADC0800 contains a network with 256-300H resistors 
in series. Analog switch taps are made at the junction of 
each resistor and at each end of the network. In operation, 
a reference (10.00V) is applied across this network of 256 
resistors. An analog input (Vin) is first compared to the cen- 
ter point of the ladder via the appropriate switch. If Vin is 
larger than Vref/ 2, the internal logic changes the switch 
points and now compares Vin and 3 / 4 Vref- This process, 
known as successive approximation, continues until the 
best match of Vin and Vref/N is made. N now defines a 
specific tap on the resistor network. When the conversion is 
complete, the logic loads a binary word corresponding to 
this tap into the output latch and an end of conversion 
(EOC) logic level appears. The output latches hold this data 
valid until a new conversion is completed and new data is 
loaded into the latches. The data transfer occurs in about 
200 ns so that valid data is present virtually all the time in 
the latches. The data outputs are activated when the Output 
Enable is high, and in TRI-STATE when Output Enable is 
low. The Enable Delay time is approximately 200 ns. Each 
conversion requires 40 clock periods. The device may be 
operated in the free running mode by connecting the Start 
Conversion line to the End of Conversion line. However, to 
ensure start-up under all possible conditions, an external 
Start Conversion pulse is required during power up condi- 
tions. 

REFERENCE 

The reference applied across the 256 resistor network de- 
termines the analog input range. Vref = 10.00V with the top 
of the R-network connected to 5V and the bottom connect- 
ed to — 5V gives a ±5V range. The reference can be level 
shifted between Vss and Vqg- However, the voltage, ap- 
plied to the top of the R-network (pin 15), must not exceed 
Vss. to prevent forward biasing the on-chip parasitic silicon 
diodes that exist between the P-diffused resistors (pin 1 5) 
and the N-type body (pin 10, Vss)- Use of a standard logic 
power supply for Vss can cause problems, both due to initial 
voltage tolerance and changes over temperature. A solution 
is to power the Vss line O 5 mA max drain) from the output 
of the op amp that is used to bias the top of the 


R-network (pin 1 5). The analog input voltage and the volt- 
age that is applied to the bottom of the R-network (pin 5) 
must be at least 7V above the -Vqg supply voltage to 
ensure adequate voltage drive to the analog switches. 
Other reference voltages may be used (such as 10.24V). If a 
5V reference is used, the analog range will be 5V and accu- 
racy will be reduced by a factor of 2. Thus, for maximum 
accuracy, it is desirable to operate with at least a 1 0V refer- 
ence. For TTL logic levels, this requires 5V and — 5V for the 
R-network. CMOS can operate at the 10 Vdc Vss level and 
a single 1 0 Vdc reference can be used. All digital voltage 
levels for both inputs and outputs will be from ground to 
Vss- 

ANALOG INPUT AND SOURCE RESISTANCE 
CONSIDERATIONS 

The lead to the analog input (pin 1 2) should be kept as short 
as possible. Both noise and digital clock coupling to this 
input can cause conversion errors. To minimize any input 
errors, the following source resistance considerations 
should be noted: 

ForRs^5k No analog input bypass capacitor re- 

quired, although a 0.1 p,F input bypass 
capacitor will prevent pickup due to un- 
avoidable series lead inductance. 
For5k<Rs^20k A 0.1 /xF capacitor from the input (pin 
12) to ground should be used. 

For Rs>20k Input buffering is necessary. 

If the overall converter system requires lowpass filtering of 
the analog input signal, use a 20 kn or less series resistor 
for a passive RC section or add an op amp RC active low- 
pass filter (with its inherent low output resistance) to ensure 
accurate conversions. 

CLOCK COUPLING 

The clock lead should be kept away from the analog input 
line to reduce coupling. 

LOGIC INPUTS 

The logical “1 ” input voltage swing for the Clock, Start Con- 
version and Output Enable should be (Vss _ 1-0V). 
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Application Hints (Continued) 

CMOS will satisfy this requirement but a pull-up resistor 
should be used for TTL logic inputs. 

RE-START AND DATA VALID AFTER EOC 

The EOC line (pin 9) will be in the low state for a maximum 
of 40 clock periods to indicate “busy”. A START pulse that 
occurs while the A/D is BUSY will reset the SAR and start a 
new conversion with the EOC signal remaining in the low 
state until the end of this new conversion. When the conver- 
sion is complete, the EOC line will go to the high voltage 
state. An additional 4 clock periods must be allowed to 
elapse after EOC goes high, before a new conversion cycle 
is requested. Start Conversion pulses that occur during this 
last 4 clock period interval may be ignored (see Figure 1 and 
2 for high speed operation). This is a problem only for high 
conversion rates and keeping the number of conversions 
per second less than fci_OCK /44 automatically guarantees 
proper operation. For example, for an 800 kHz clock, ap- 
proximately 18,000 conversions per second are allowed. 
The transfer of the new digital data to the output is initiated 
when EOC goes to the high voltage state. 

POWER SUPPLIES 

Standard supplies are Vss = +5V, Vgg =_ 12V and 
Vdd = 0V. Device accuracy is dependent on stability of the 
reference voltage and has slight sensitivity to Vss— V gg- 
Vqd has no effect on accuracy. Noise spikes on the Vss 
and Vqg supplies can cause improper conversion; there- 
fore, filtering each supply with a 4.7 julF tantalum capacitor is 
recommended. 


CONTINUOUS CONVERSIONS AND LOGIC CONTROL 

Simply tying the EOC output to the Start Conversion input 
will allow continuous conversions, but an oscillation on this 
line will exist during the first 4 clock periods after EOC goes 
high. Adding a D flip-flop between EOC (D input) to Start 
Conversion (Q output) will prevent the oscillation and will 
allow a stop/continuous control via the “clear” input. 

To prevent missing a start pulse that may occur after EOC 
goes high and prior to the required 4 clock period time inter- 
val, the circuit of Figure 1 can be used. The RS latch can be 
set at any time and the 4-stage shift register delays the 
application of the start pulse to the A/D by 4 clock periods. 
The RS latch is reset 1 clock period after the A/D EOC 
signal goes to the low voltage state. This circuit also pro- 
vides a Start Conversion pulse to the A/D which is 1 clock 
period wide. 

A second control logic application circuit is shown in Figure 
2. This allows an asynchronous start pulse of arbitrary 
length less than Tc, to continuously convert for a fixed high 
level and provides a single clock period start pulse to the 
A/D. The binary counter is loaded with a count of 1 1 when 
the start pulse to the A/D appears. Counting is inhibited 
until the EOC signal from the A/D goes high. A carry pulse 
is then generated 4 clock periods after EOC goes high and 
is used to reset the input RS latch. This carry pulse can be 
used to indicate that the conversion is complete, the data 
has transferred to the output buffers and the system is 
ready for a new conversion cycle. 



_TL 


_n_ 



START CONVERSION 
(TO A/D) 


TL/H/5670-10 
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Application Hints (Continued) 

ZERO AND FULL-SCALE ADJUSTMENT 
Zero Adjustment: This is the offset voltage required at the 
bottom of the R-network (pin 5) to make the 11111111 to 
11111110 transition when the input voltage is y 2 LSB (20 
mV for a 10.24V scale). In most cases, this can be accom- 
plished by having a 1 kfl pot on pin 5. A resistor of 475H 
can be used as a non-adjustable best approximation from 
pin 5 to ground. 


Full-Scale Adjustment: This is the offset voltage required 
at the top of the R-network (pin 15) to make the 00000001 
to 00000000 transition when the input voltage is 1 y 2 LSB 
from full-scale (60 mV less than full-scale for a 10.24V 
scale). This voltage is guaranteed to be within ±2 LSB for 
the ADC0800 without adjustment. In most cases, adjust- 
ment can be accomplished by having a 1 kn pot on pin 15. 


Typical Applications 


General Connection 

0V -12V CLOCK 


Ratiometric Input Signal with Tracking Reference 



Hi-Voltage CMOS Output Levels 


7V V, N 



P0TENTI0METRIC 

TRANSDUCER 



0V to 10V Vin range 
0V to 10V output levels 
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Typical Applications (Continued) 


Vref = 10 V DC With TTL Logic Levels 



TL/H/5670-13 


V REF = 10 V DC With 10V CMOS Logic Levels 



Input Level Shifting 


• Permits TTL compatible outputs with 
0V to 10V input range (0V to -10V 
input range achieved by reversing 
polarity of zener diodes and returning 
the 6.8k resistor to V - ). 



OUT WITH OV INPUT 


TL/H/5670-5 






Typical Applications (Continued) 

TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with test- 
ing an A/D converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEDs 
to display the resulting digital output code as shown in Fig- 
ure 3. Note that the LED drivers invert the digital output of 
the A/D converter to provide a binary display. A lab DVM 
can be used if a precision voltage source is not available. 
After adjusting the zero and full-scale, any number of points 
can be checked, as desired. 

For ease of testing, a 10.24 Vpc reference is recommended 
for the A/D converter. This provides an LSB of 40 mV 
(1 0.240/256). To adjust the zero of the A/D, an analog input 
voltage of y 2 LSB or 20 mV should be applied and the 


zero adjust potentiometer should be set to provide a flicker 
on the LSB LED readout with all the other display LEDs 
OFF. 

To adjust the full-scale adjust potentiometer, an analog in- 
put that is iy 2 LSB less than the reference (10.240-0.060 
or 10.180 Vdc) should be applied to the analog input and 
the full-scale adjusted for a flicker on the LSB LED, but this 
time with all the other LEDs ON. 

A complete circuit for a simple A/D tester is shown in Figure 
4. Note that the clock input voltage swing and the digital 
output voltage swings are from 0 V to 10.24V. The 
MM74C901 provides a voltage translation to 5 V operation 
and also the logic inversion so the readout LEDs are in bina- 
ry- 
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FIGURE 3. Basic A/D Tester 


ANALOG 

INPUT 
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FIGURE 4. Complete Basic Tester Circuit 
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Typical Applications (Continued) 

The digital output LED display can be decoded by dividing 
the 8 bits into the 4 most significant bits and 4 least signifi- 
cant bits. Table I shows the fractional binary equivalent of 
these two 8-bit groups. By adding the decoded voltages 
which are obtained from the column: “Input Voltage Value 
with a 10.240 Vref” of both the MS and LS groups, the 
value of the digital display can be determined. For example, 
for an output LED display of “1011 0110” or “B6” (in hex) 
the voltage values from the table are 7.04 + 0.24 or 


7.280 Vdc- These voltage values represent the center val- 
ues of a perfect A/D converter. The input voltage has to 
change by ±y 2 LSB (±20 mV), the “quantization uncertain- 
ty” of an A/D, to obtain an output digital code change. The 
effects of this quantization error have to be accounted for in 
the interpretation of the test results. A plot of this natural 
error source is shown in Figure 5 where, for clarity, both the 
analog input voltage and the error voltage are normalized to 
LSBs. 


TABLE I. DECODING THE DIGITAL OUTPUT LEDs 


HEX 

BINARY 

FRACTIONAL BINARY VALUE FOR 

INPUT VOLTAGE 

VALUE WITH 

10.24 V REF 

MS GROUP 

LS GROUP 

MS GROUP 

LS GROUP 

F 

1111 

15/16 

15/256 

9.600 

0.600 

E 

1110 

7/8 

7/128 

8.960 

0.560 

D 

110 1 

13/16 

13/256 

8.320 

0.520 

C 

110 0 

3/4 

3/64 

7.680 

0.480 

B 

10 11 

11/16 

11/256 

7.040 

0.440 

A 

10 10 

5/8 

5/128 

6.400 

0.400 

9 

10 0* 


9/256 

5.760 

0.360 

8 

10 0 0 

1/2 

1/32 

5.120 

0.320 

7 

0 111 

7/16 

7/256 

4.480 

0.280 

6 

0 110 

3/8 

3/128 

3.840 

0.240 

5 

0 10 1 

5/16 

5/256 

3.200 

0.200 

4 

0 10 0 

1/4 

1/64 

2.560 

0.160 

3 

0 0 11 

3/16 

3/256 

1.920 

0.120 

2 

0 0 10 

1/8 

1/128 

1.280 

0.080 

1 

0 0 0 1 

1/16 

1/256 

0.640 

0.040 

0 

0 0 0 0 



0 

0 



TL/H/5670-8 

FIGURE 5. Error Plot of a Perfect A/D Showing Effects of Quantization Error 
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Typical Applications (Continued) 

A low speed ramp generator can also be used to sweep the 
analog input voltage and the LED outputs will provide a bi- 
nary counting sequence from zero to full-scale. 

The techniques described so far are suitable for an engi- 
neering evaluation or a quick check on performance. For a 
higher speed test system, or to obtain plotted data, a digital- 
to-analog converter is needed for the test set-up. An accu- 
rate 10-bit DAC can serve as the precision voltage source 
for the A/D. Errors of the A/D under test can be provided as 
either analog voltages or differences in two digital words. 

A basic A/D tester which uses a DAC and provides the error 
as an analog output voltage is shown in Figure 6. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub- 
traction feature is available to directly readout the difference 
voltage, “A-C”. 


For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi- 
tally. This can be done with the circuit of Figure 7 where the 
output code transitions can be detected as the 1 0-bit DAC is 
incremented. This provides % LSB steps for the 8-bit A/D 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB’s) 
as the Y axis, a useful transfer function of the A/D under 
test results. For acceptance testing, the plot is not neces- 
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 
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DIGITAL 

INPUT 



DIGITAL 

OUTPUT 
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FIGURE 7. Basic “Digital” A/D Tester 


Connection Diagram 


Dual-In-Line Package 


R- 

NET- 
WORK LSB 

V 0 D 2“ 5 2 -6 TOP Z" 7 2~® V|N CLOCK V SS 
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Top View 

Order Number ADC0800PD 
or ADC0800PCD 
See NS Package Number D18A 
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ADC080 1 / ADC0802/ ADC0803/ ADC0804/ ADC0805 


National 

Semiconductor 

Corporation 


ADC0801, ADC0802, ADC0803, ADC0804, 
ADC0805 8-Bit juP Compatible A/D Converters 


General Description 

The ADC0801 , ADC0802, ADC0803, ADC0804 and 
ADC0805 are CMOS 8-bit successive approximation A/D 
converters that use a differential potentiometric ladder — 
similar to the 256R products. These converters are de- 
signed to allow operation with the NSC800 and INS8080A 
derivative control bus with TRI-STATE® output latches di- 
rectly driving the data bus. These A/Ds appear like memory 
locations or I/O ports to the microprocessor and no inter- 
facing logic is needed. 

Differential analog voltage inputs allow increasing the com- 
mon-mode rejection and offsetting the analog zero input 
voltage value. In addition, the voltage reference input can 
be adjusted to allow encoding any smaller analog voltage 
span to the full 8 bits of resolution. 

Features 

■ Compatible with 8080 juP derivatives — no interfacing 
logic needed - access time - 1 35 ns 

■ Easy interface to all microprocessors, or operates 
“stand alone” 


■ Differential analog voltage inputs 

■ Logic inputs and outputs meet both MOS and TTL volt- 
age level specifications 

■ Works with 2.5 V (LM336) voltage reference 

■ On-chip clock generator 

■ 0V to 5 V analog input voltage range with single 5V 
supply 

■ No zero adjust required 

■ 0.3" standard width 20-pin DIP package 

■ 20-pin molded chip carrier or small outline package 

■ Operates ratiometrically or with 5 Vdc> 2.5 Vqc. or ana- 
log span adjusted voltage reference 

Key Specifications 

■ Resolution 8 bits 

■ Total error ±% LSB, ±y 2 LSB and ±1 LSB 

■ Conversion time 100 jlis 


Typical Applications 


5V 
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Error Specification (Includes Full-Scale, 

Zero Error, and Non-Linearity) 

Part 

Number 

Full- 

Scale 

Adjusted 

V REF /2 = 2.500 V DC 
(No Adjustments) 

v ref/2= No Connection 
(No Adjustments) 

ADC0801 

±y 4 LSB 



ADC0802 


±y 2 LSB 


ADC0803 

±y 2 LSB 



ADC0804 


±1 LSB 


ADC0805 



±1 LSB 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, 

contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 

Supply Voltage (Vcc) (Note 3) 6.5V 

Voltage 

Logic Control Inputs - 0.3V to +1 8V 

At Other Input and Outputs -0.3V to (Vcc+ 0.3V) 

Lead Temp. (Soldering, 10 seconds) 

Dual-ln-Line Package (plastic) 260°C 

Dual-In-Line Package (ceramic) 300°C 

Surface Mount Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 


Storage Temperature Range 
Package Dissipation atT A =25°C 
ESD Susceptibility (Note 10) 


-65°C to + 1 50°C 
875 mW 
800V 


Operating Ratings (Notes 1 & 2) 

Temperature Range Tmin^ t a^ t max 

ADC0801 /02LJ -55°C^T A <; + 1 25°C 

ADC0801 /02/03/04LCJ -40°C^T A ^ +85°C 

ADC0801 /02/03/05LCN -40°C<;T A <; +85°C 

ADC0804LCN 0°C<:T A <; +70°C 

ADC0802/03/04LCV 0°C^T A ^ +70°C 

ADC0802/03/04LCWM 0°C<;T A <; +70°C 

Range of Vcc 4.5 Vdc to 6.3 Vdc 


Electrical Characteristics 

The following specifications apply for Vcc^S Vcc. Tmin^ t a^ t max and fcLK = 640 kHz unless otherwise specified. 

Parameter Conditions Min Typ Max 

ADC0801 : Total Adjusted Error (Note 8) With Full-Scale Adj. , v 

(See Section 2.5.2) ~ /4 

ADC0802: Total Unadjusted Error (Note 8) Vref / 2 - 2.500 V DC ±y 2 

ADC0803: Total Adjusted Error (Note 8) With Full-Scale Adj. , v 

(See Section 2.5.2) ~ /z 

ADC0804: Total Unadjusted Error (Note 8) V REF /2 = 2.500 V DC ±1 

ADC0805: Total Unadjusted Error (Note 8) V REF /2-No Connection ±1 

Vref/ 2 Input Resistance (Pin 9) ADC0801/02/03/05 2.5 8.0 

ADC0804 (Note 9) 075 T1 

Analog Input Voltage Range (Note 4) V( + ) or V(-) Gnd-0.05 Vcc +0-05 

DC Common-Mode Error Over Analog Input Voltage ±y 16 ±% 

Range 

Power Supply Sensitivity Vcc= 5 Vdc ± 10% Over ± y 16 ± % 

Allowed V|n( + ) and V|n(~) 

Voltage Range (Note 4) 

AC Electrical Characteristics 

The following specifications apply for Vcc = 5 V DC and T A =25°C unless otherwise specified. 

Symbol Parameter Conditions Min Typ Max 

Tc Conversion Time fcLK = 640 kHz (Note 6) 103 114 

Tc Conversion Time (Note 5, 6) 66 73 

fcLK Clock Frequency V C c = 5V, (Note 5) 100 640 1460 

Clock Duty Cycle (Note 5) 40 60 

CR Conversion Rate in Free-Running INTR tied to WR with 8770 9708 

Mode CS= 0 Vqc, fcLK = 640 kHz 

tw(WR)L Width of WR Input (Start Pulse Width) CS == 0 Vpc (Note 7) 100 

tACC Access Time (Delay from Falling Cl=100pF 135 200 

Edge of RD to Output Data Valid) 

t 1H ,to H TRI-STATE Control (Delay C L = 10 pF, R L = 10k 125 200 

from Rising Edge of RD to (See TRI-STATE Test 

Hi-Z State) Circuits) 

*wi> Iri Delay from Falling Edge 300 450 

of WR or RD to Reset of INTR 

Cin Input Capacitance of Logic 5 7.5 

Control Inputs 

CoilT TRI-STATE Output 5 7.5 

Capacitance (Data Buffers) 

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 


Conditions 

fCLK = 640 kHz (Note 6) 
(Note 5, 6) 

Vcc = 5V, (Note 5) 

(Note 5) 

INTR tied to WR with 
CS=0V DC , fci_K = 6 4 0 kHz 

CS = 0 Vpc (Note 7) 

C L =100 pF 

C L = 10 pF, R L = 10k 
(See TRI-STATE Test 
Circuits) 


Logical “1” Input Voltage 
(Except Pin 4 CLK IN) 


Vcc=5.25 V dc 
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AC Electrical Characteristics (continued) 

The following specifications apply for Vcc = 5 Vdc and Tmin ^ t a ^ t max> unless otherwise specified. 

Symbol 

Parameter 

Conditions 

Min 

Typ 


uqui 

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 

V| N (0) 

Logical “0” Input Voltage 
(Except Pin 4 CLK IN) 

Vcc = 4.75 Vdc 



0.8 

Vdc 

IlN (D 

Logical “1 ” Input Current 
(All Inputs) 

V|n=5 V DC 


0.005 

1 

Mdc 

•in (0) 

Logical “0” Input Current 
(All Inputs) 

V| N =0 v D c 

-1 

-0.005 


Mdc 

CLOCK IN AND CLOCK R 

v T + 

CLK IN (Pin 4) Positive Going 
Threshold Voltage 


2.7 

3.1 

3.5 

Vdc 

V T - 

CLK IN (Pin 4) Negative 

Going Threshold Voltage 


1.5 

1.8 

2.1 

Vdc 

V H 

CLK IN (Pin 4) Hysteresis 
(V T + )-(V T — ) 


0.6 

1.3 

2.0 

Vdc 

VqUT (0) 

Logical “0” CLK R Output 
Voltage 

lo = 360 /xA 

Vcc“4.75 Vdc 



0.4 

Vdc 

VqUT 0) 

Logical “1” CLK R Output 
Voltage 

Iq = —360 juiA 

V CC = 4.75 V D c 

2.4 



Vdc 

DATA OUTPUTS AND INTR 

v OUT (°) 

Logical “0” Output Voltage 

Data Outputs 

INTR Output 

•out = 1-6 rnA, Vcc = 4.75 Vdc 
Iqut = 1-0 rnA, Vcc= 4.75 Vdc 



0.4 

0.4 

O O 
Q Q 
> > 

VoUT 0) 

Logical “1” Output Voltage 

l 0 = - 360 mA, Vcc = 4.75 V DC 

2.4 



o 

Q 

> 

VoUT (1) 

Logical “1 ” Output Voltage 

l 0 = ~10 fiA, V CC = 4.75 V dc 

warn 



Vdc 

•out 

TRI-STATE Disabled Output 
Leakage (All Data Buffers) 

v out =0 v dc 

Vout=5 v D c 

m 



/^Adc 

hA D c 

•source 


Vout Short to Gnd, T A = 25°C 

mm 

6 


mAoc 

•sink 


Vqut Short to VcCi T A = 25°C 

9.0 

16 


itiAdc 

POWER SUPPLY 

•cc 

Supply Current (Includes 

Ladder Current) 

ADC0801 /02/03/04LCJ/05 
ADC0804LCN/LCV/LCWM 

fCLK^ 640 kHz, 

V ref /2 = NC,T a = 25°C 
and CS = 5V 


1.1 

1.9 

1.8 

2.5 

mA 

mA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 

Note 3: A zener diode exists, internally, from Vcc to Gnd and has a typical breakdown voltage of 7 Vdc- 

Note 4: For V|n(-)^ V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Vdc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature 
variations, initial tolerance and loading. 

Note 5: Accuracy is guaranteed at fcLK = 640 kHz. At higher clock frequencies accuracy can degrade. For lower clock frequencies, the duty cycle limits can be 
extended so long as the minimum clock high time interval or minimum clock low time interval is no less than 275 ns. 

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is internally latched, see Figure 2 and section 2.0. 

Note 7: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold 
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see timing diagrams). 

Note 8: None of these A/Ds requires a zero adjust (see section 2.5.1). To obtain zero code at other analog input voltages see section 2.5 and Figure 5. 

Note 9: The Vref/ 2 pin is the center point of a two resistor divider connected from Vcc to ground. Each resistor is 2.2k, except for the ADC0804LCJ where each 
resistor is 16k. Total ladder input resistance is the sum of the two equal resistors. 

Note 10: Human body model, 100 pF discharged through a 1.5kft resistor. 
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Typical Performance Characteristics 


Logic Input Threshold Voltage 
vs. Supply Voltage 
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vs Temperature (Note 9) 
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TRI-STATE Test Circuits and Waveforms 


tlH 


*1H> Cl= 10 pF 


tOH 


t()H> C L“ 10 P F 



tr 


= 20 ns 


t r =20 ns TL/H/5671-3 


Timing Diagrams (All timing is measured from the 50% voltage points) 

START 

CONVERSION 


CS 



\ — i 


ACTUAL INTERNAL 
STATUS OF THE ■ 
CONVERTER 


(LAST DATA WAS READ) 


(LAST DATA WAS NOT READ) 


i 


• 1 TO 8 x 1/fQ LK 




-INTERNAL T c - 




DATA IS VALID IN 
OUTPUT LATCHES 


\ 


■ 1/2T CLK 


Output Enable and Reset INTR 


DATA 

OUTPUTS " 



^ 7 

L 





\ - 

l RI 





\ _ i 





/ 


■< 


>■ 


l ACC 

— »-j MH' 'oh |- 

Note: Read strobe must occur 8 clock periods (8/fcLK) after assertion of interrupt to guarantee reset of INTR. 
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Typical Applications (Continued) 

6800 interface 



Absolute with a 2.500V Reference 


Ratiometric with Full-Scale Adjust 



Note: before using caps at Vin or Vref/2, t 
see section 2.3.2 Input Bypass Capacitors. 


Absolute with a 5V Reference 

Vcc* VREF 





+ 


,0 *‘ f 

A/D 

l/nrr/J 

' 5 

V IN' f V REF^ 



IM33£*^ 


V|N< + > V CC 


v IN<-> V flEF /2 



For low power, see also LM385-2.5 


Zero-Shift and Span Adjust: 2V ^ Vin ^ 5V 


Span Adjust: 0V ^ Vin ^ 3V 








Typical Applications (Continued) 


Directly Converting a Low-Level Signal A juP Interfaced Comparator 



1 mV Resolution with /xP Controlled Range 



Digitizing a Current Flow 
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Typical Applications (Continued) 



IF MORE THAN 5 ADDITIONAL 
A/Oi. USE A CMOS BUFFER (NOT T*U 


External Clocking 



100 kHz £f C LK^ 1460 kHz 


Self-Clocking in Free-Running Mode 



* After power-up, a momentary grounding 
of the WR input is needed to guarantee operation. 


jitP Interface for Free-Running A/D 



READY 
(TO pP) 


Operating with “Automotive” Ratiometric Transducers 

Vcc 
(5 V DC ) 



Ratiometric with Vref/ 2 Forced Vcc 

(5V DC ) 



TL/H/5671 -7 
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Typical Applications (Continued) 


jmP Compatible Differential-Input Comparator with Pre-Set Vqs (with or without Hysteresis) 



*See Figure 5 to select R value 
DB7 = “1” for V| N ( + )>V, N (-) + (V REF /2) 
Omit circuitry within the dotted area if 
hysteresis is not needed 


Handling ± 10V Analog Inputs 



•Beckman Instruments #694-3-R10K resistor array 


Low-Cost, fiP Interfaced, Temperature-to-Digital Converter 

Vcc 
(5 V DC ) 



juP Interfaced Temperature-to-Digital Converter 


vcc 

(5 V DC I 



TL/H/5671-8 
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f c =20 Hz 

Uses Chebyshev implementation for steeper roll-off 
unity-gain, 2nd order, low-pass filter r— 

Adding a separate filter for each channel increases 
system response time if an analog multiplexer 
is used 



VinW 

4 

CHANNEL 


DIFFERENTIAL 

A/D 

MUX 


CO4052 



VinH 


Output Buffers with A/D Data Enabled 


Increasing Bus Drive and/or Reducing Time on Bus 


i 


j — -O £5 


“ 

A/D 


DATA? 

lo—o m 

A/D ] 

/ 

j-O n 


-=■ 




"A/D output data is updated 1 CLK period 
prior to assertion of INTR 


"Allows output data to set-up at falling edge of CS 



Typical Applications (Continued) 


Sampling an AC Input Signal 



Note 1: Oversample whenever possible [keep fs > 2f(— 60)] to eliminate input frequency folding 
(aliasing) and to allow for the skirt response of the filter. 

Note 2: Consider the amplitude errors which are introduced within the passband of the filter. 


70% Power Savings by Clock Gating 


£5 

WH 



TO A/0 


(Complete shutdown takes ~ 30 seconds.) 


Power Savings by A/D and Vref Shutdown 



TL/H/5671-11 


•Use ADC0801, 02, 03 or 05 for lowest power consumption. 

Note: Logic inputs can be driven to Vcc with A/D supply at zero volts. 

Buffer prevents data bus from overdriving output of A/D when in shutdown mode. 
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Functional Description 

1.0 UNDERSTANDING A/D ERROR SPECS 

A perfect A/D transfer characteristic (staircase waveform) is 
shown in Figure la. The horizontal scale is analog input 
voltage and the particular points labeled are in steps of 1 
LSB (19.53 mV with 2.5 V tied to the Vref/ 2 pin). The digital 
output codes that correspond to these inputs are shown as 
D— 1, D, and D+1. For the perfect A/D, not only will center- 
value (A - 1 , A, A+ 1 ) analog inputs produce the cor- 

rect output ditigal codes, but also each riser (the transitions 
between adjacent output codes) will be located ±y 2 LSB 
away from each center-value. As shown, the risers are ideal 
and have no width. Correct digital output codes will be pro- 
vided for a range of analog input voltages that extend ±y 2 
LSB from the ideal center-values. Each tread (the range of 
analog input voltage that provides the same digital output 
code) is therefore 1 LSB wide. 

Figure 1b shows a worst case error plot for the ADC0801. 
All center-valued inputs are guaranteed to produce the cor- 
rect output codes and the adjacent risers are guaranteed to 
be no closer to the center-value points than ±y 4 LSB. In 


Transfer Function 



A - 1 A A + 1 
ANALOG INPUT (V jN ) 


other words, if we apply an analog input equal to the center- 
value ±y 4 LSB, we guarantee that the A/D will produce the 
correct digital code. The maximum range of the position of 
the code transition is indicated by the horizontal arrow and it 
is guaranteed to be no more than y 2 LSB. 

The error curve of Figure 1c shows a worst case error plot 
for the ADC0802. Here we guarantee that if we apply an 
analog input equal to the LSB analog voltage center-value 
the A/D will produce the correct digital code. 

Next to each transfer function is shown the corresponding 
error plot. Many people may be more familiar with error plots 
than transfer functions. The analog input voltage to the A/D 
is provided by either a linear ramp or by the discrete output 
steps of a high resolution DAC. Notice that the error is con- 
tinuously displayed and includes the quantization uncertain- 
ty of the A/D. For example the error at point 1 of Figure la 
is +y 2 LSB because the digital code appeared y 2 LSB in 
advance of the center-value of the tread. The error plots 
always have a constant negative slope and the abrupt up- 
side steps are always 1 LSB in magnitude. 



ANALOG INPUT (V tN ) 


a) Accuracy = ±0 LSB: A Perfect A/D 


Transfer Function 



ANALOG INPUT (V| N ) 


Transfer Function 



Error Plot 



ANALOG INPUT (V !N ) 


b) Accuracy = ±y 4 LSB 


Error Plot 



ANALOG INPUT (V| N ) 


c) Accuracy = ±y 2 LSB 


TL/H/5671 -12 


FIGURE 1. Clarifying the Error Specs of an A/D Converter 
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Functional Description (Continued) 

2.0 FUNCTIONAL DESCRIPTION 

The ADC0801 series contains a circuit equivalent of the 
256R network. Analog switches are sequenced by succes- 
sive approximation logic to match the analog difference in- 
put voltage [V| N ( + ) - V|n(-)] to a corresponding tap on 
the R network. The most significant bit is tested first and 
after 8 comparisons (64 clock cycles) a digital 8-bit binary 
code (1111 1111 = full-scale) is tran sferre d to an output 
latch and then an interrupt is asserted (INTR makes a high- 
to-low transition). A conversion in process can be interrupt- 
ed by issuing a second start command. The device may be 
operated in the free-running mode by connecting INTR to 
the WR input with CS = 0. To ensure start-up under all pos- 
sible conditions, an external WR pulse is required during the 
first power-up cycle. 

On the high-to-low transition of the WR input the internal 
SAR latches and the shif t register stages are reset. As long 
as the CS input and WR input remain low, the A/D will re- 
main in a reset state. Conversion will start from 1 to 8 dock 
periods after at least one of these inputs makes a !ow-to- 
high transition. 


A functional diagram of the A/D converter is shown in Fig- 
ure 2. All of the package pinouts are shown and the major 
logic control paths are drawn in heavier weight lines. 

The converter is started by having CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a “1” to the D flop, F/F1, which 
is at the input end of the 8-bit shift register. Internal clock 
signals then transfer this “1” to the Q output of F/F1. The 
AND gate, G1 , combines this “1 ” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either WR or CS is a "1 ”) the start F/F is 
reset and the 8-bit shift register then can have the “1” 
clocked in, which starts the conversion process. If the set 
signal were to still be present, this reset pulse would have 
no effect (both outputs of the start F/F would momentarily 
be at a “1” level) and the 8-bit shift register would continue 
to be held in the^ reset mode. This logic therefore allows for 
wide CS and WR signals and the converter will start after at 
least one of these signals returns high and the internal 
clocks again provide a reset signal for the start F/F. 



Note 1: CS shown twice for clarity. 

Note 2: SAR = Successive Approximation Register. 


FIGURE 2. Block Diagram 
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Functional Description (Continued) 

After the “1” is clocked through the 8-bit shift register 
(which completes the SAR search) it appears as the input to 
the D-type latch, LATCH 1. As soon as this “1” is output 
from the shift register, the AND gate, G2, causes the new 
digital word to transfer to the TRI-STATE output latches. 
When LATCH 1 is subsequently enabled, the Q output 
makes a high-to-low transition which cause s the INTR F/F 
to set. An inverting buffer then supplies the INTR input sig- 
nal. 

Note that this SET control of the INTR F/F remains low for 
8 of the external clock periods (as the internal clocks run at 
Yb of the frequency of the external clock). If the data output 
is co ntinuously enabled (CS and RD both held low), the 
INTR output will still signal the end o f conversion (by a high- 
to-low transition), because the SET input can control the Q 
output of the INTR F/F even though the RESET in put is 
constantly at a “1” level in this operating mode. This I NTR 
output will therefore stay low for the duration of the SET 
signal, which is 8 periods of the external clock frequency 
(assuming the A/D is not started during this interval). 

When oper ating i n the free-running or continuous conver- 
sion mode (INTR pin tied to WR and CS wired low — see 
also section 2.8 ), the START F/F is SET by the high-to-low 
transition of the INTR signal. This resets the SHIFT REGIS- 
TER which causes the input to the D-type latch, LATCH T 
to go low. As the latch enable input is still present, the Q 
output will go high, which then allows the INT R F/F to be 
RESET. This reduces the width of the resulting INTR output 
pulse to only a few propagation delays (approximately 300 
ns). 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled to provide the 8- 
bit digital outputs. 

2.1 Digital Control Inputs 

The digital control inputs (CS, RD, and WR) meet standard 
T 2 L logic voltage levels. These signals have been renamed 
when compared to the standard A/D Start and Output En- 
able labels. In addition, these inputs are active low to allow 
an easy interface to microprocessor control_busses. For 
non-microprocessor based applications, the CS input (pin 1) 
can be grounded and the standard A/D Start function is 
obtained by an active low pulse applied at the WR input (pin 
3) and the Output Enable function is caused by an active 
low pulse at the RD input (pin 2). 

2.2 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

This A/D has additional applications flexibility due to the 
analog differential voltage input. The V|n(-) input (pin 7) 
can be used to automatically subtract a fixed voltage value 
from the input reading (tare correction). This is also useful in 
4 mA-20 mA current loop conversion. In addition, common- 
mode noise can be reduced by use of the differential input. 
The time interval between sampling V|n(+) and V|n(-) is 4- 
Yz clock periods. The maximum error voltage due to this 


slight time difference between the input voltage samples is 
given by: 

AVe(MAX) = (Vp) (27rf cm ) ), 

where: 

AV e is the error voltage due to sampling delay 
Vp is the peak value of the common-mode voltage 
f cm is the common-mode frequency 
As an example, to keep this error to % LSB ( ~ 5 mV) when 
operating with a 60 Hz common-mode frequency, f cm , and 
using a 640 kHz A/D clock, fcLK. would allow a peak value 
of the common-mode voltage, Vp, which is given by: 

v = [AVe(MAX) (fCLK)l 
P (27rf cm ) (4.5) 

or 

= (5 X 10-3) (640X103) 

P ~ (6.28) (60) (4.5) 

which gives 
V P = 1.9V. 

The allowed range of analog input voltages usually places 
more severe restrictions on input common-mode noise lev- 
els. 

An analog input voltage with a reduced span and a relatively 
large zero offset can be handled easily by making use of the 
differential input (see section 2.4 Reference Voltage). 

2.3 Analog Inputs 
2.3.1 Input Current 
Normal Mode 

Due to the internal switching action, displacement currents 
will flow at the analog inputs. This is due to on-chip stray 
capacitance to ground as shown in Figure 3. 



I TIME 



TL/H/5671-14 

r 0 N of SW 1 and SW 2 = 5 kil 
r=r ON Cstray s 5 kfl X 12 pF = 60 ns 


FIGURE 3. Analog Input Impedance 
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Functional Description (Continued) 

The voltage on this capacitance is switched and will result in 
currents entering the V|n(+) input pin and leaving the 
V|n( — ) input which will depend on the analog differential 
input voltage levels. These current transients occur at the 
leading edge of the internal clocks. They rapidly decay and 
do not cause errors as the on-chip comparator is strobed at 
the end of the clock period. 

Fault Mode 

If the voltage source applied to the V|n(+ ) or V|n(— ) pin 
exceeds the allowed operating range of Vqc + 50 mV, large 
input currents can flow through a parasitic diode to the Vcc 
pin. If these currents can exceed the 1 mA max allowed 
spec, an external diode (1N914) should be added to bypass 
this current to the Vcc P in (with the current bypassed with 
this diode, the voltage at the V|n( + ) pin can exceed the 
Vcc voltage by the forward voltage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output resist- 
ances of the analog signal sources. This charge pumping 
action is worse for continuous conversions with the V|n( + ) 
input voltage at full-scale. For continuous conversions with 
a 640 kHz clock frequency with the V|n(+) input at 5V, this 
DC current is at a maximum of approximately 5 jllA. There- 
fore, bypass capacitors should not be used at the analog 
inputs or the V ref/ 2 pin for high resistance sources (> 1 
kft). If input bypass capacitors are necessary for noise filter- 
ing and high source resistance is desirable to minimize ca- 
pacitor size, the detrimental effects of the voltage drop 
across this input resistance, which is due to the average 
value of the input current, can be eliminated with a full-scale 
adjustment while the given source resistor and input bypass 
capacitor are both in place. This is possible because the 
average value of the input current is a precise linear func- 
tion of the differential input voltage. 

2.3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (^ 1 kfl) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applica- 
tions, (^ 1 kn), a 0.1 juF bypass capacitor at the inputs will 
prevent noise pickup due to series lead inductance of a long 
wire. A 100ft series resistor can be used to isolate this ca- 
pacitor — both the R and C are placed outside the feedback 
loop — from the output of an op amp, if used. 

2.3.4 Noise 

The leads to the analog inputs (pin 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 5 kft. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog in- 
puts to ground, will eliminate system noise pickup but can 
create analog scale errors as these capacitors will average 
the transient input switching currents of the A/D (see sec- 
tion 2.3.1.). This scale error depends on both a large source 


resistance and the use of an input bypass capacitor. This 
error can be eliminated by doing a full-scale adjustment of 
the A/D (adjust Vref/ 2 for a proper full-scale reading — see 
section 2.5.2 on Full-Scale Adjustment) with the source re- 
sistance and input bypass capacitor in place. 

2.4 Reference Voltage 
2.4.1 Span Adjust 

For maximum applications flexibility, these A/Ds have been 
designed to accommodate a 5 Vqc, 2.5 Vqc or an adjusted 
voltage reference. This has been achieved in the design of 
the 1C as shown in Figure 4 . 


v cc<Vref) 



Notice that the reference voltage for the 1C is either y 2 of 
the voltage applied to the Vcc supply pin, or is equal to the 
voltage that is externally forced at the Vref/ 2 pin. This al- 
lows for a ratiometric voltage reference using the Vcc sup- 
ply, a 5 Vqc reference voltage can be used for the Vcc 
supply or a voltage less than 2.5 Vqc can be applied to the 
Vref/ 2 input for increased application flexibility. The inter- 
nal gain to the Vref/ 2 input is 2, making the full-scale differ- 
ential input voltage twice the voltage at pin 9. 

An example of the use of an adjusted reference voltage is to 
accommodate a reduced span— or dynamic voltage range 
of the analog input voltage. If the analog input voltage were 
to range from 0.5 Vqc to 3.5 Vqc, instead of 0V to 5 Vqc, 
the span would be 3V as shown in Figure 5. With 0.5 Vpc 
applied to the V|n(~) pin to absorb the offset, the reference 
voltage can be made equal to y 2 of the 3V span or 1 .5 Vqc- 
The A/D now will encode the V|n( + ) signal from 0.5V to 3.5 
V with the 0.5V input corresponding to zero and the 3.5 Vqc 
input corresponding to full-scale. The full 8 bits of resolution 
are therefore applied over this reduced analog input voltage 
range. 
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Functional Description (Continued) 



TL/H/5671 -16 


a) Analog Input Signal Example b) Accommodating an Analog Input from 

0.5V (Digital Out = = 00 H ex) to 3.5V 
(Digital Out=FFnEx) 


FIGURE 5. Adapting the A/D Analog Input Voltages to Match an Arbitrary Input Signal Range 


2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or an 
absolute mode. In ratiometric converter applications, the 
magnitude of the reference voltage is a factor in both the 
output of the source transducer and the output of the A/D 
converter and therefore cancels out in the final digital output 
code. The ADC0805 is specified particularly for use in ratio- 
metric applications with no adjustments required. In abso- 
lute conversion applications, both the initial value and the 
temperature stability of the reference voltage are important 
factors in the accuracy of the A/D converter. For Vref/ 2 
voltages of 2.4 Vqc nominal value, initial errors of ±10 
mVoc will cause conversion errors of ± 1 LSB due to the 
gain of 2 of the Vref/ 2 input. In reduced span applications, 
the initial value and the stability of the Vref/ 2 input voltage 
become even more important. For example, if the span is 
reduced to 2.5 V, the analog input LSB voltage value is cor- 
respondingly reduced from 20 mV (5V span) to 10 mV and 
1 LSB at the Vref/ 2 input becomes 5 mV. As can be seen, 
this reduces the allowed initial tolerance of the reference 
voltage and requires correspondingly less absolute change 
with temperature variations. Note that spans smaller than 
2.5V place even tighter requirements on the initial accuracy 
and stability of the reference source. 

In general, the magnitude of the reference voltage will re- 
quire an initial adjustment. Errors due to an improper value 
of reference voltage appear as full-scale errors in the A/D 
transfer function. 1C voltage regulators may be used for ref- 
erences if the ambient temperature changes are not exces- 
sive. The LM336B 2.5V 1C reference diode (from National 
Semiconductor) has a temperature stability of 1.8 mV typ 
(6 mV max) over 0 °C^Ta^ + 70°C. Other temperature 
range parts are also available. 


2.5 Errors and Reference Voltage Adjustments 

2.5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, Vin(min). is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the A/D Vin(-) input at this Vin(min) value (see 
Applications section). This utilizes the differential mode op- 
eration of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the Vin (-) input and applying a small 
magnitude positive voltage to the Vin ( + ) input. Zero error 
is the difference between the actual DC input voltage that is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal y 2 LSB value 
(V 2 LSB = 9.8 mV for V REF /2 = 2.500 V DC ). 

2.5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage that is iy 2 LSB less than the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref/ 2 input (pin 9 or the Vqq supply if pin 9 is 
not used) for a digital output code that is just changing from 
1111 1110 to 1111 1111. 
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Functional Description (Continued) 

2.5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal that does not go to ground) this new zero reference 
should be properly adjusted first. A V|n( + ) voltage that 
equals this desired zero reference plus y 2 LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = ana- 
log span/256) is applied to pin 6 and the zero reference 
voltage at pin 7 should then be adjusted to just obtain the 
00 HEX t0 01 HEX code transition. 

The full-scale adjustment should then be made (with the 
proper V|n(-) voltage applied) by forcing a voltage to the 
V|n(+) input which is given by: 

V, N ( + )fsadi = V MAX -1. 5 [ (VMAX 2s6 VMIN) ], 

where: 

VMAX = The high end of the analog input range 
and 

v MiN = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vref/ 2 (or Vqc) voltage is then adjusted to provide a 
code change from FErex t0 FFrex- This completes the ad- 
justment procedure. 

2.6 Clocking Option 

The clock for the A/D can be derived from the CPU clock or 
an external RC can be added to provide self-clocking. The 
CLK IN (pin 4) makes use of a Schmitt trigger as shown in 
Figure 6. 
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FIGURE 6. Self-Clocking the A/D 


conversion in process is not allowed to be completed, there- 
fore the d ata o f the previous conversion remains in this 
latch. The INTR output simply remains at the “1” level. 

2.8 Continuous Conversions 

For operation in the free-running mode an initializing pulse 
should be used, following power-up, to ensure circuit opera- 
tion. In this application, the C S input is grounded an d the 
WR input is tied to the INTR output. This WR and INTR 
node should be momentarily forced to logic low following a 
power-up cycle to guarantee operation. 

2.9 Driving the Data Bus 

This MOS A/D, like MOS microprocessors and memories, 
will require a bus driver when the total capacitance of the 
data bus gets large. Other circuitry, which is tied to the data 
bus, will add to the total capacitive loading, even in TRI- 
STATE (high impedance mode). Backplane bussing also 
greatly adds to the stray capacitance of the data bus. 
There are some alternatives available to the designer to 
handle this problem. Basically, the capacitive loading of the 
data bus slows down the response time, even though DC 
specifications are still met. For systems operating with a 
relatively slow CPU clock frequency, more time is available 
in which to establish proper logic levels on the bus and 
therefore higher capacitive loads can be driven (see typical 
characteristics curves). 

At higher CPU clock frequencies time can be extended for 
I/O reads (and/or writes) by inserting wait states (8080) or 
using clock extending circuits (6800). 

Finally, if time is short and capacitive loading is high, exter- 
nal bus drivers must be used. These can be TRI-STATE 
buffers (low power Schottky such as the DM74LS240 series 
is recommended) or special higher drive current products 
which are designed as bus drivers. High current bipolar bus 
drivers with PNP inputs are recommended. 

2.10 Power Supplies 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. A low 
inductance tantalum filter capacitor should be used close to 
the converter Vcc P' n and values of 1 fi F or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate LM340LAZ-5.0, TO-92, 5V voltage regu- 
lator for the converter (and other analog circuitry) will greatly 
reduce digital noise on the Vcc supply. 


Heavy capacitive or DC loading of the clock R pin should be 
avoided as this will disturb normal converter operation. 
Loads less than 50 pF, such as driving up to 7 A/D convert- 
er clock inputs from a single clock R pin of 1 converter, are 
allowed. For larger clock line loading, a CMOS or low power 
TTL buffer or PNP input logic should be used to minimize 
the loading on the clock R pin (do not use a standard TTL 
buffer). 

2.7 Restart During a Conversion 

If the A/D is restarted (CS and WR go low and return high) 
during a conversion, the converter is reset and a new con- 
version is started. The output data latch is not updated if the 


2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory for 
breadboarding this A/D converter. Sockets on PC boards 
can be used and all logic signal wires and leads should be 
grouped and kept as far away as possible from the analog 
signal leads. Exposed leads to the analog inputs can cause 
undesired digital noise and hum pickup, therefore shielded 
leads may be necessary in many applications. 


3 
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Functional Description (Continued) 

A single point analog ground that is separate from the logic 
ground points should be used. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to digital ground. Any Vref/ 2 bypass ca- 
pacitors, analog input filter capacitors, or input signal shield- 
ing should be returned to the analog ground point. A test for 
proper grounding is to measure the zero error of the A/D 
converter. Zero errors in excess of y 4 LSB can usually be 
traced to improper board layout and wiring (see section 
2.5.1 for measuring the zero error). 

3.0 TESTING THE A/D CONVERTER 

There are many degrees of complexity associated with test- 
ing an A/D converter. One of the simplest tests is to apply a 
known analog input voltage to the converter and use LEDs 
to display the resulting digital output code as shown in Fig- 
ure 7. 

For ease of testing, the Vref/ 2 (pin 9 ) should be supplied 
with 2.560 Vdc and a Vcc supply voltage of 5.12 Vdc 
should be used. This provides an LSB value of 20 mV. 

If a full-scale adjustment is to be made, an analog input 
voltage of 5.090 Vdc (5.120-1 y 2 LSB) should be applied to 
the V|n(+) pin with the Vin(-) pin grounded. The value of 
the Vref/ 2 input voltage should then be adjusted until the 
digital output code is just changing from 1111 1 1 1 0 to 1 1 1 1 
1111. This value of Vref/ 2 should then be used for all the 
tests. 

The digital output LED display can be decoded by dividing 
the 8 bits into 2 hex characters, the 4 most significant (MS) 
and the 4 least significant (LS). Table I shows the fractional 
binary equivalent of these two 4-bit groups. By adding the 
voltages obtained from the “VMS” and “VLS” columns in 
Table I, the nominal value of the digital display (when 

10k 
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FIGURE 7. Basic A/D Tester 


Vref/ 2 = 2.560V) can be determined. For example, for an 
output LED display of 1011 0110 or B6 (in hex), the voltage 
values from the table are 3.520 + 0.120 or 3.640 Vdc- 
These voltage values represent the center-values of a per- 
fect A/D converter. The effects of quantization error have to 
be accounted for in the interpretation of the test results. 

For a higher speed test system, or to obtain plotted data, a 
digital-to-analog converter is needed for the test set-up. An 
accurate 10-bit DAC can serve as the precision voltage 
source for the A/D. Errors of the A/D under test can be 
expressed as either analog voltages or differences in 2 digi- 
tal words. 

A basic A/D tester that uses a DAC and provides the error 
as an analog output voltage is shown in Figure 8. The 2 op 
amps can be eliminated if a lab DVM with a numerical sub- 
traction feature is available to read the difference voltage, 
“A-C”, directly. The analog input voltage can be supplied 
by a low frequency ramp generator and an X-Y plotter can 
be used to provide analog error (Y axis) versus analog input 
(X axis). The construction details of a tester of this type are 
provided in the NSC application note AN-179, “Analog-to- 
Digital Converter Testing”. 

For operation with a microprocessor or a computer-based 
test system, it is more convenient to present the errors digi- 
tally. This can be done with the circuit of Figure 9, where the 
output code transitions can be detected as the 1 0-bit DAC is 
incremented. This provides % LSB steps for the 8-bit A/D 
under test. If the results of this test are automatically plotted 
with the analog input on the X axis and the error (in LSB’s) 
as the Y axis, a useful transfer function of the A/D under 
test results. For acceptance testing, the plot is not neces- 
sary and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 

4.0 MICROPROCESSOR INTERFACING 

To dicuss the interface with 8080A and 6800 microproces- 
sors, a common sample subroutine structure is used. The 
microprocessor starts the A/D, reads and stores the results 
of 16 successive conversions, then returns to the user’s 
program. The 16 data bytes are stored in 16 successive 
memory locations. All Data and Addresses will be given in 
hexadecimal form. Software and hardware details are pro- 
vided separately for each type of microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives (8048, 
8085) 

This converter has been designed to directly interface with 
derivatives of the 8080 microprocessor. The A/D can be 
mapped into memory space ( using s tand ard mem ory ad- 
dress decoding for CS and the MEMR and MEMW st robes) 
or it can be controlled as an I/O device by using the I/O R 
and I/O W strobes and decoding the address bits A0 — ► 
A7 (or address bits A8 — ► A15 as they will contain the 
same 8-bit address information) to obtain the CS input. Us- 
ing the I/O space provides 256 additional addresses and 
may allow a simpler 8-bit address decoder but the data can 
only be input to the accumulator. To make use of the addi- 
tional memory reference instructions, the A/D should be 
mapped into memory space. An example of an A/D in I/O 
space is shown in Figure 10. 
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Functional Description (Continued) 


analogO- 

INPUTSq- 



Note 1: *Pin numbers for the DP8228 system controller, others are INS8080A. 

Note 2: Pin 23 of the INS8228 must be tied to + 12V through a 1 kfl resistor to generate the RST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0801 -INS8080A CPU Interface 
SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE 


0038 

C3 00 03 

RST 7: 

JMP LD DATA 


• 

• 

• 



• 

• 

• 



0100 

21 00 02 

START : 

LX I H 0200H 

; HL pair will point to 
; data storage locations 

0103 

3100 04 

RETURN ; 

LX I SP 0400H 

; Initialize stack pointer (Note 

0106 

7D 


MOV A, L 

; Test # of bytes entered 

0107 

FE OF 


CPI OF H 

;If #=16. JMP to 

0109 

CA 13 01 


JZ CONT 

; user program 

010C 

D3E0 


OUT EO H 

; Start A/D 

010E 

FB 


El 

; Enable interrupt 

010F 

00 

LOOP: 

NOP 

; Loop until end of 

0110 

C3 0F01 


JMP LOOP 

; conversion 

0113 

• 

• 

• 

• 

• 

• 

• 

• 

CONT: 

• 

(User program to 
process data) 

• 

• 

• 

• 

• 

• 


• 

0300 

• 

DB EO 

• 

LD DATA : 

• 

INEOH 

; Load data into accumulator 

0302 

77 


MOV M, A 

; Store data 

0303 

23 


INXH 

; Increment storage pointer 

0304 

C3 03 01 


JMP RETURN 



Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Note 2: All address used were arbitrarily chosen. 
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Functional Description (Continued) 

The standard control bus signals of the 8080 CS, RD and 
WR) can be directly wired to the digital control inputs of the 
A/D and the bus tinning requirements are met to allow both 
starting the converter and outputting the data onto the data 
bus. A bus driver should be used for larger microprocessor 
systems where the data bus leaves the PC board and/or 
must drive capacitive loads larger than 100 pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The following sample program and associated hardware 
shown in Figure 10 may be used to input data from the 
converter to the INS8080A CPU chip set (comprised of the 
INS8080A microprocessor, the INS8228 system controller 
and the INS8224 clock generator). For simplicity, the A/D is 
controlled as an I/O device, specifically an 8-bit bi-direction- 
al port located at an arbitrarily chosen port address, EO. The 
TRI-STATE output capability of the A/D eliminates the need 
for a peripheral interface device, however address decoding 
is still required to generate the appropriate CS for the con- 
verter. 


It is important to note that in systems where the A/D con- 
verter is 1-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address bits 
(AO to A7) can be directly used as CS inputs — one for each 
I/O device. 

4.1.2 INS8048 Interface 

The INS8048 interface technique with the ADC0801 series 
(see Figure 11) is simpler than the 8080A CPU interface. 
There are 24 I/O lines and three test input lines in the 8048. 
With these extra I/O lines available, one of the I/O lines (bit 
0 of port 1) is used as the chip select signal to the A/D, thus 
eliminating the use of an external address decoder. Bus 
control signals RD, WR and INT of the 8048 are tied directly 
to the A/D. The 16 converted data words are stored at on- 
chip RAM locations from 20 to 2F (Hex). The RD and WR 
signals are generated by reading from and writing into a 
dummy address, respectively. A sample interface program 
is shown below. 


Vcc 


12 

18 

DOQ 

Vcc 



i 13 

17 

D01 



001 

*14 

16 




DO. 

*15 

15 

DB3 




*16 

14 

DD1 



004 

* 17 

13 

DQr 




*18 

12 



INS8048 


* 19 

11 


RD 

WR 

iwY 

8 2. 

RD 



10 

3" 



„ 6 

5* 

iffR 



ir» l 

" 27 1 k 

CS 

V| N W 

V| N (-> 

A GND 

DGND 

v ss 


, 6 

ANALOG I T 

INPUT { L 


nr 


■ 5 V DC 


FnHh. 


0 

IQ 
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FIGURE 11. INS8048 Interface 
SAMPLE PROGRAM FOR FIGURE 11 INS8048 INTERFACE 


04 10 


JMP 

10H 

Program starts at addr 10 



0RG 

3H 


04 50 


JMP 

50H 

Interrupt jump vector 



0RG 

10H 

Main program 

99 FE 


ANL 

PI, #0FEH 

Chip select 

81 


M0VX 

A, @R1 

Read in the 1st data 





to reset the intr 

89 01 

START : 

0RL 

PI, #1 

Set port pin high 

B8 20 


MOV 

R0, #20H 

Data address 

B9 FF 


MOV 

Rl, #0FFH 

Dummy address 

BA 10 


MOV 

R2 , #10H 

Counter for 16 bytes 

23 FF 

AGAIN ; 

MOV 

A, #0FFH 

Set ACC for intr loop 

99 FE 


ANL 

PI, #0FEH 

SendCS (bit Oof PI) 

91 


M0VX 

@R1 , A ; 

Send WR out 

05 


EN 

I ; 

Enable interrupt 

96 21 

LOOP: 

JNZ 

LOOP 

Wait for interrupt 

EA IB 


DJNZ 

R2, AGAIN 

If 16 bytes are read 

00 


NOP 


go to user’s program 

00 


NOP 





0RG 

50H 


81 

INDATA : 

M0VX 

A, @R1 

; Input data, CS still low 

A0 


MOV 

@R0 , A 

; Store in memory 

18 


INC 

R0 

; Increment storage counter 

89 01 


0RL 

PI, #1 

; Reset CS signal 

27 


CLR 

A 

; Clear ACC to get out of 

93 


RETR 


; the interrupt loop 
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Functional Description (Continued) 

4.2 Interfacing the Z-80 

The Z-80 control bus is slightly different from that of the 
8080. General RD and WR st robes are provided and s epa- 
rate memory request, MREQ, and I/O request, IORQ, sig- 
nals are used which have to be combined with the general- 
ized strobes to provide the equivalent 8080 signals. An ad- 
vantage of operating the A/D in I/O space with the Z-80 is 
that the CPU will automatically insert one wait state (the RD 
and WR strobes are extended one clock period) to allow 
more time for the I/O devices to respond. Logic to map the 
A/D in I/O space is shown in Figure 13. 
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FIGURE 13. Mapping the A/D as an I/O Device 
for Use with the Z-80 CPU 

Additional I/O advantages exist as software DMA routines 
are available and use can be made of the output data trans- 
fer which exists on the upper 8 address lines (A8 to A15) 
during I/O input instructions. For example, MUX channel 
selection for the A/D can be accomplished with this operat- 
ing mode. 

4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus for the 680 0 microprocessor derivatives 
does not use the_RD and WR strobe signals. Instead it em- 
ploys a single R/W line and additional timing, if needed, can 
be derived fom the <f>2 clock. All I/O devices are memory 
mapped in the 6800 system, and a special signal, VMA, 
indicates that the current address is valid. Figure 14 shows 
an interface schematic where the A/D_is memory mapped in 
the 6800 system. For simplicity, the CS decoding is shown 
using y 2 DM8092. Note that in many 6800 systems, an al- 


ready decoded 475 line is brought out to the common bus at 
pin 21 . This can be tied directly to the CS pin of the A/D, 
provided that no other devices are addressed at HX ADDR: 
4XXX or 5XXX. 

The following subroutine performs essentially the same 
function as in the case of the 8080A interface and it can be 
called from anywhere in the user’s program. 

In Figure 15 the ADC0801 series is interfaced to the M6800 
microprocessor through (the arbitrarily chosen) Port B of the 
MC6820 or MC6821 Peripheral Interface Adapter, (PIA). 
Here the CS pin of the A/D is grounded since the PIA is 
already memory mapped in the M6800 system and no CS 
decoding is necessary. Also notice that the A/D output data 
lines are connected to the microprocessor bus under pro- 
gram control through the PIA and therefore the A/D RD pin 
can be grounded. 

A sample interface program equivalent to the previous one 
is shown below Figure 15. The PIA Data and Control Regis- 
ters of Port B are located at HEX addresses 8006 and 8007, 
respectively. 

5.0 GENERAL APPLICATIONS 

The following applications show some interesting uses for 
the A/D. The fact that one particular microprocessor is used 
is not meant to be restrictive. Each of these application cir- 
cuits would have its counterpart using any microprocessor 
that is desired. 

5.1 Multiple ADC0801 Series to MC6800 CPU Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme pre- 
sents several advantages over the conventional multiplexer 
single-converter approach. With the ADC0801 series, the 
differential inputs allow individual span adjustment for each 
channel. Furthermore, all analog input channels are sensed 
simultaneously, which essentially divides the microproces- 
sor’s total system servicing time by the number of channels, 
since all conversions occur simultaneously. This scheme is 
shown in Figure 16. 



Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 

Note 2: Number or letters in brackets refer to standard M6800 system common bus code. 


X 


GND (1)| WX Y 1 
41 42 431 
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FIGURE 14. ADC0801-MC6800 CPU Interface 
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Functional Description (Continued) 


SAMPLE PROGRAM FOR FIGURE 14 ADC0801-MC6800 CPU INTERFACE 


0010 

DF 36 

DATAIN 

STX 

TEMP2 

; Save contents of X 

0012 

CE 00 2C 


LDX 

#$002C 

; Upon IRQ low CPU 

0015 

FF FF F8 


STX 

$FFF8 

; jumps to 002C 

0018 

B7 50 00 


STAA 

$5000 

; Start ADC0801 

001B 

OE 


CL I 



001C 

3E 

CONVRT 

WAI 


; Wait for interrupt 

001D 

DE 34 


LDX 

TEMPI 


001F 

8C02 OF 


CPX 

#$020F 

; Is final data stored? 

0022 

27 14 


BEQ 

ENDP 


0024 

B7 50 00 


STAA 

$5000 

; Restarts ADC0801 

0027 

08 


I NX 



0028 

DF 34 


STX 

TEMPI 


002A 

20 FO 


BRA 

CONVRT 


002C 

DE 34 

INTRPT 

LDX 

TEMPI 


002E 

B6 50 00 


LDAA 

$5000 

; Read data 

0031 

A 7 00 


STAA 

X 

; Store it at X 

0033 

3B 


RTI 



0034 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 






; data storage 

0036 

00 00 

TEMP2 

FDB 

$0000 


0038 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

003B 

DF 34 


STX 

TEMPI 


003D 

DE 36 


LDX 

TEMP2 


003F 

39 


RTS 


; Return from subroutine 


; To user’s program 

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user’s program. 
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Functional Description (Continued) 


SAMPLE PROGRAM FOR FIGURE 75ADC0801-MC6820 PIA INTERFACE 


0010 

CE 00 38 

DATAIN 

LDX 

#$0038 

; Upon IRQ low CPU 

0013 

FF FF F8 


STX 

$FFF8 

; jumps to 0038 

0016 

B6 80 06 


LDAA 

PIA0RB 

; Clear possible IRQ flags 

0019 

4F 


CLRA 



001A 

B7 80 07 


STAA 

PIACRB 


001D 

B7 80 06 


STAA 

PIA0RB 

; Set Port B as input 

0020 

0E 


CLI 



0021 

C6 34 


LDAB 

#$34 


0023 

86 3D 


LDAA 

#$3D 


0025 

F7 80 07 

C0NVRT 

STAB 

PIACRB 

; Starts ADC0801 

0028 

B7 80 07 


STAA 

PIACRB 


002B 

3E 


WAI 


; Wait for interrupt 

002C 

DE 40 


LDX 

TEMPI 


002E 

8C 02 OF 


CPX 

#$020F 

; Is final data stored? 

0031 

27 OF 


BEQ 

ENDP 


0033 

08 


I NX 



0034 

DF 40 


STX 

TEMPI 


0036 

20 ED 


BRA 

C0NVRT 


0038 

DE 40 

INTRPT 

LDX 

TEMPI 


003A 

B6 80 06 


LDAA 

PIA0RB 

; Read data in 

003D 

A7 00 


STAA 

X 

; Store it at X 

003F 

3B 


RTI 



0040 

02 00 

TEMPI 

FDB 

$0200 

; Starting address for 






; data storage 

0042 

CE 02 00 

ENDP 

LDX 

#$0200 

; Reinitialize TEMPI 

0045 

DF 40 


STX 

TEMPI 


0047 

39 


RTS 


; Return from subroutine 



PIA0RB 

EQU 

$8006 

; To user’s program 



PIACRB 

EQU 

$8007 



The following schematic and sample subroutine (DATA IN) 
may be used to interface (up to) 8 ADC0801 ’s directly to the 
MC6800 CPU. This scheme can easily be extended to allow 
the interface of more converters. In this configuration the 
converters are (arbitrarily) located at HEX address 5000 in 
the MC6800 memory space. To save components, the 
clock signal is derived from just one RC pair on the first 
converter. This output drives the other A/Ds. 

All the converters are started simultaneously with a STORE 
instruction at HEX address 5000. Note that any other HEX 
address of the form 5XXX will be decoded by the circuit, 
pulling all the CS inputs low. This can easily be avoided by 
using a more definitive address decoding scheme. All the 
interrupts are ORed together to insure that all A/Ds have 
completed their conversion before the microprocessor is in- 
terrupted. 

The subroutine, DATA IN, may be called from anywhere in 
the user’s program. Once called, this routine initializes the 


CPU, starts all the converters simultaneously and waits for 
the interrupt signal. Upon receiving the interrupt, it reads the 
converters (from HEX addresses 5000 through 5007) and 
stores the data successively at (arbitrarily chosen) HEX ad- 
dresses 0200 to 0207, before returning to the user’s pro- 
gram. All CPU registers then recover the original data they 
had before servicing DATA IN. 

5.2 Auto-Zeroed Differential Transducer Amplifier 
and A/D Converter 

The differential inputs of the ADC0801 series eliminate the 
need to perform a differential to single ended conversion for 
a differential transducer. Thus, one op amp can be eliminat- 
ed since the differential to single ended conversion is pro- 
vided by the differential input of the ADC0801 series. In gen- 
eral, a transducer preamp is required to take advantage of 
the full A/D converter input dynamic range. 
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Functional Description (Continued) 



Note 2: Numbers of letters in brackets refer to standard M6800 system common bus code. TL/H/5671 -26 

FIGURE 16. Interfacing Multiple A/Ds in an MC6800 System 
SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 


ADDRESS 

HEX CODE 


MNEMONICS 


COMMENTS 

0010 

DF 44 

DATAIN 

STX 

TEMP 

; Save Contents of X 

0012 

CE 00 2A 


LDX 

#$002A 

; Upon IRQ LOW CPU 

0015 

FF FF F8 


STX 

$FFF8 

; Jumps to 002A 

0018 

B7 50 00 


STAA 

$5000 

; Starts all A/D* s 

001B 

OE 


CLI 



001C 

3E 


WAI 


; Wait for interrupt 

001D 

CE 50 00 


LDX 

#$5000 


0020 

DF 40 


STX 

INDEX1 

; Reset both INDEX 

0022 

CE 02 00 


LDX 

#$0200 

; 1 and 2 to starting 

0025 

DF 42 


STX 

INDEX2 

; addresses 

0027 

DE 44 


LDX 

TEMP 


0029 

39 


RTS 


; Return from subroutine 

002A 

DE 40 

INTRPT 

LDX 

INDEX1 

; INDEX1 — ► X 

002C 

A6 00 


LDAA 

X 

; Read data in from A/D at X 

002E 

08 


I NX 


; Increment X by one 

002F 

DF 40 


STX 

INDEX1 

; X -> INDEX1 

0031 

DE 42 


LDX 

INDEX2 

; INDEX2 — > X 


3-41 


ADC0801/ADC0802/ADC0803/ADC0804/ADC0805 




ADC080 1 / ADC0802/ADC0803/ ADC0804/ ADC0805 


Functional Description (Continued) 

SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 


ADDRESS 

HEX CODE 


MNEMONICS 


COMMENTS 

0033 

A7 00 


STAA 

X 

; Store data at X 

0035 

8C 02 07 


CPX 

#$0207 

; Have all A/D * s been read? 

0038 

27 05 


BEQ 

RETURN 

; Yes : branch to RETURN 

003A 

08 


I NX 


; No : increment X by one 

003B 

DF 42 


STX 

INDEX2 

; X — ► INDEX2 

003D 

20 EB 


BRA 

INTRPT 

; Branch to 002A 

003F 

3B 

RETURN 

RTI 



0040 

50 00 

INDEX1 

FDB 

$5000 

; Starting address for A/D 

0042 

02 00 

INDEX2 

FDB 

$0200 

; Starting address for data storage 

0044 

00 00 

TEMP 

FDB 

$0000 



Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be dimensioned in the user’s program. 


For amplification of DC input signals, a major system error is 
the input offset voltage of the amplifiers used for the 
preamp. Figure 17 is a gain of 100 differential preamp 
whose offset voltage errors will be cancelled by a zeroing 
subroutine which is performed by the INS8080A microproc- 
essor system. The total allowable input offset voltage error 
for this preamp is only 50 jaV for y 4 LSB error. This would 
obviously require very precise amplifiers. The expression for 
the differential output voltage of the preamp is: 

[ PRO 1 

1 + ~R1J + 

SIGNAL GAIN 

( PRO \ 

1 + "r 77 

DC ERROR TERM GAIN 

where lx is the current through resistor Rx- All of the offset 
error terms can be cancelled by making ±lxRx= Vqsi + 
Vqs 3 _ Vqs 2- This is the principle of this auto-zeroing 
scheme. 

The INS8080A uses the 3 I/O ports of an INS8255 Pro- 
gramable Peripheral Interface (PPI) to control the auto zero- 
ing and input data from the ADC0801 as shown in Figure 18. 
The PPI is programmed for basic I/O operation (mode 0) 
with Port A being an input port and Ports B and C being 
output ports. Two bits of Port C are used to alternately open 
or close the 2 switches at the input of the preamp. Switch 


SW1 is closed to force the preamp’s differential input to be 
zero during the zeroing subroutine and then opened and 
SW2 is then closed for conversion of the actual differential 
input signal. Using 2 switches in this manner eliminates con- 
cern for the ON resistance of the switches as they must 
conduct only the input bias current of the input amplifiers. 
Output Port B is used as a successive approximation regis- 
ter by the 8080 and the binary scaled resistors in series with 
each output bit create a D/A converter. During the zeroing 
subroutine, the voltage at V x increases or decreases as re- 
quired to make the differential output voltage equal to zero. 
This is accomplished by ensuring that the voltage at the 
output of A1 is approximately 2.5V so that a logic “1” (5V) 
on any output of Port B will source current into node Vx thus 
raising the voltage at Vx and making the output differential 
more negative. Conversely, a logic “0” (0V) will pull current 
out of node Vx and decrease the voltage, causing the differ- 
ential output to become more positive. For the resistor val- 
ues shown, Vx can move ± 1 2 mV with a resolution of 50 
jaV, which will null the offset error term to y 4 LSB of full- 
scale for the ADC0801 . It is important that the voltage levels 
that drive the auto-zero resistors be constant. Also, for sym- 
metry, a logic swing of 0V to 5V is convenient. To achieve 
this, a CMOS buffer is used for the logic output signals of 
Port B and this CMOS package is powered with a stable 5 V 
source. Buffer amplifier A1 is necessary so that it can 
source or sink the D/A output current. 
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Functional Description (Continued) 



Note 1: R2 = 49.5 R1 

Note 2: Switches are LMC1 3334 CMOS analog switches. 

Note 3: The 9 resistors used in the auto-zero section can be ± 5% tolerance. 


FIGURE 17. Gain of 100 Differential Transducer Preamp 



FIGURE 18. Microprocessor Interface Circuitry for Differential Preamp 


TL/H/5671 -27 
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A flow chart for the zeroing subroutine is shown in Figure 
19. It must be noted that the ADC0801 series will output an 
all zero code when it converts a negative input [Vin(-) ^ 
V|n(+)]- Also, a logic inversion exists as all of the I/O ports 
are buffered with inverting gates. 

Basically, if the data read is zero, the differential output volt- 
age is negative, so a bit in Port B is cleared to pull Vx more 
negative which will make the output more positive for the 
next conversion. If the data read is not zero, the output volt- 
age is positive so a bit in Port B is set to make Vx more 
positive and the output more negative. This continues for 8 
approximations and the differential output eventually con- 
verges to within 5 mV of zero. 

The actual program is given in Figure 20. All addresses 
used are compatible with the BLC 80/10 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address E4 

Port B is at port address E5 

Port C is at port address E6 

PPI control word port is at port address E 7 

Program Counter automatically goes to ADDR:3C3D upon 

acknowledgement of an interrupt from the ADC0801 

5.3 Multiple A/D Converters in a Z-80 Interrupt 
Driven Mode 

In data acquisition systems where more than one A/D con- 
verter (or other peripheral device) will be interrupting pro- 
gram execution of a microprocessor, there is obviously a 
need for the CPU to determine which device requires servic- 
ing. Figure 21 and the accompanying software is a method 
of determining which of 7 ADC0801 converters has com- 
pleted a conversion (INTR asserted) and is requesting an 
interrupt. This circuit allows starting the A/D converters in 
any sequence, but will input and store valid data from the 
converters with a priority sequence of A/D 1 being read first, 
A/D 2 second, etc., through A/D 7 which would have the 
lowest priority for data being read. Only the converters 
whose I NT is asserted will be read. 

The key to decoding circuitry is the DM74LS373, 8-bit D 
type flip-flop. When the Z-80 acknowledges the interrupt, 
the program is vectored to a data input Z-80 subroutine. 
This subroutine will read a peripheral status wor d from the 
DM74LS373 which contains the logic state of the INTR out- 
puts of all the converters. Each converter which initiates an 
interrupt will place a logic “0” in a unique bit position in the 
status word and the subroutine will determine the identity of 
the converter and execute a data read. An identifier word 
(which indicates which A/D the data came from) is stored in 
the next sequential memory location above the location of 
the data so the program can keep track of the identity of the 
data entered. 
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FIGURE 19. Flow Chart for Auto-Zero Routine 
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3D00 

3E90 

MV I 90 



3D02 

D3E7 

Out Control Port 


; Program PPI 

3D04 

2601 

MV I H 01 

Auto-Zero Subroutine 


3D06 

7C 

MOV A,H 



3D07 

D3E6 

OUT C 


; Close SW1 open SW2 

3D09 

0680 

MVI B 80 


; Initialize SAR bit pointer 

3D0B 

3E7F 

MV I A 7F 


; Initialize SAR code 

3D0D 

4F 

MOVC, A 

Return 


3D0E 

D3E5 

OUT B 


; Port B = SAR code 

3D10 

31AA3D 

LX I SP 3DAA 

Start 

; Dimension stack pointer 

3D13 

D3E4 

OUT A 


; Start A/D 

3D15 

FB 

IE 



3D16 

00 

NOP 

Loop 

; Loop until INT asserted 

3D17 

C3163D 

JMP Loop 



3D1A 

7A 

MOV A,D 

Auto-Zero 


3D1B 

C600 

ADI 00 



3D1D 

CA2D3D 

JZ Set C 


; Test A/D output data for zero 

3D20 

78 

MOV A,B 

Shift B 


3D21 

F600 

ORI 00 


; Clear carry 

3D23 

IF 

RAR 


; Shift "1" in B right one place 

3D24 

FE00 

CPI 00 


; Is B zero? If yes last 

3D26 

CA373D 

JZ Done 


; approximation has been made 

3D29 

47 

MOV B ,A 



3D2A 

C3333D 

JMP New C 



3D2D 

79 

MOV A, C 

Set C 


3D2E 

B0 

ORAB 


; Set bit in C that is in same 

3D2F 

4F 

MOV C,A 


; position as "1" in B 

3D30 

C3203D 

JMP Shift B 



3D33 

A9 

XRAC 

New C 

; Clear bit in C that is in 

3D34 

C30D3D 

JMP Return 


; same position as "l" in B 

3D37 

47 

MOV B,A 

Done 

; then output new SAR code . 

3D38 

7C 

MOV A,H 


; Open SW1, close SW2 then 

3D39 

EE03 

XRI 03 


; proceed with program. Preamp 

3D3B 

D3E6 

OUT C 


; is now zeroed. 

3D3D 


0 

• 

Normal 




o 

Program for processing 
proper data values 



3C3D 

DBE4 

IN A 

Read A/D Subroutine 

; Read A/D data 

3C3F 

EEFF 

XRI FF 


; Invert data 

3C41 

57 

MOV D, A 



3C42 

78 

MOV A,B 


; Is B Reg = 0? If not stay 

3C43 

E6FF 

ANI FF 


; in auto zero subroutine 

3C45 

C21A3D 

JNZ Auto-Zero 



3C48 

C33D3D 

JMP Normal 




Note: All numerical values are hexadecimal representations. 

FIGURE 20. Software for Auto-Zeroed Differential A/D 


5.3 Multiple A/D Converters in a Z-80® Interrupt Driven 
Mode (Continued) 

The following notes apply: 

1) It is assumed that the CPU automatically performs a RST 
7 instruction when a valid interrupt is acknowledged (CPU 
is in interrupt mode 1). Hence, the subroutine starting ad- 
dress of X0038. 

2) The address bus from the Z-80 and the data bus to the Z- 
80 are assumed to be inverted by bus drivers. 

3) A/D data and identifying words will be stored in sequen- 
tial memory locations starting at the arbitrarily chosen ad- 
dress X 3E00. 

4) The stack pointer must be dimensioned in the main pro- 
gram as the RST 7 instruction automatically pushes the 
PC onto the stack and the subroutine uses an additional 
6 stack addresses. 


5) The peripherals of concern are mapped into I/O space 
with the following port assignments: 

HEX PORT ADDRESS PERIPHERAL 


00 

MM74C374 8-bit flip-flop 

01 

A/DI 

02 

A/D 2 

03 

A/D 3 

04 

A/D 4 

05 

A/D 5 

06 

A/D 6 

07 

A/D 7 


This port address also serves as the A/D identifying word in 
the program. 
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FIGURE 21. Multiple A/Ds with Z-80 Type Microprocessor 
INTERRUPT SERVICING SUBROUTINE 

SOURCE 


LOC 

OBJ CODE 


STATEMENT 

COMMENT 

0038 

E5 


PUSH HL 

; Save contents of all registers affected by 

0039 

C5 


PUSH BC 

; this subroutine. 

003A 

F5 


PUSH AF 

; Assumed INT mode 1 earlier set . 

003B 

21 00 3E 


LD (HL) ,X3E00 

; Initialize memory pointer where data will be stored 

003E 

0E 01 


LDC, X01 

; C register will be port ADDR of A/D converters. 

0040 

D300 


OUT X00, A 

; Load peripheral status word into 8-bit latch. 

0042 

DB00 


IN A, X00 

; Load status word into accumulator. 

0044 

47 


LD B,A 

; Save the status word. 

0045 

79 

TEST 

LD A,C 

; Test to see if the status of all A/D's have 

0046 

FE 08 


CP, X08 

; been checked. If so , exit subroutine 

0048 

CA 60 00 


JPZ, DONE 


004B 

78 


LD A,B 

; Test a single bit in status word by looking for 

004C 

IF 


RRA 

; a "1" to be rotated into the CARRY (an INT 

004D 

47 


LD B,A 

; is loaded as a "1") . If CARRY is set then load 

004E 

DA 5500 


JPC, LOAD 

; contents of A/D at port ADDR in C register. 

0051 

OC 

NEXT 

INC C 

; If CARRY is not set , increment C register to point 

0052 

C3 4500 


JP,TEST 

; to next A/D, then test next bit in status word. 

0055 

ED 78 

LOAD 

INA, (C) 

; Read data from interrupting A/D and invert 

0057 

EE FF 


XOR FF 

; the data. 

0059 

77 


LD (HL) , A 

; Store the data 

005A 

2C 


INC L 


005B 

71 


LD (HL) ,C 

; Store A/D identifier (A/D port ADDR) . 

005C 

2C 


INC L 


005D 

C3 51 00 


JP,NEXT 

; Test next bit in status word. 

0060 

FI 

DONE 

POP AF 

; Re-establish all registers as they were 

0061 

Cl 


POP BC 

; before the interrupt. 

0062 

El 


POP HL 


0063 

C9 


RET 

; Return to original program 
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Ordering Information 


TEMP RANGE 

0°C TO 70° C 

0°C TO 70° C 

0°C TO 70°C 

— 40°C TO +85°C 


±y 4 Bit 

Adjusted 




ADC0801 LCN 

ERROR 

±y 2 Bit 

Unadjusted 

ADC0802LCWM 

ADC0802LCV 


ADC0802LCN 


±y 2 Bit 

Adjusted 

ADC0803LCWM 

ADC0803LCV 


ADC0803LCN 


± 1 Bit 
Unadjusted 

ADC0804LCWM 

ADC0804LCV 

ADC0804LCN 

ADC0805LCN 

PACKAGE OUTLINE 

M20B— Small Outline 

V20A— Chip Carrier 

N20A- 

-Molded DIP 


TEMP RANGE 

— 40°C TO +85°C 


ERROR 

± % Bit Adjusted 
±y 2 Bit Unadjusted 
± y 2 Bit Adjusted 
± 1 Bit Unadjusted 

ADC0801 LCJ 

ADC0802LCJ 

ADC0803LCJ 

ADC0804LCJ 

ADC0801 LJ 
ADC0802LJ 

PACKAGE OUTLINE 

J20A— Cavity DIP 

J20A— Cavity DIP 


Connection Diagrams 


ADC080X 

Dual-In-Line and Small Outline (SO) Packages 


ADC080X 

Molded Chip Carrier (PCC) Package 


cs 

RD 

WR 

CLKIN 

INTR 

V| N ( + ) 

Vin(-) 

AGND 

Vref/2 

DGND 


TL/H/5671-30 TL/H/5671-32 


1 

20 

-Vcc(0R v REF ) 


o 

CQ 

Q 

| 

— DB1 

-DB2 

K) 

CD 

O 

J. 

m 

o 

| 

2 

19 

— CLKR 


18 

17 16 

15 

14 

3 

18 

-DBO(LSB) 

CLKR — 

19 



13 

4 

17 

-DB1 

V C c(0R V RE p) — 

20 



12 

5 

16 

-DB2 

CS- 

1 



11 

6 

15 

-DB3 

RD- 

2 



10 

7 

14 

-DB4 

WR- 

3 



9 

8 

13 

— DB5 


v 

5 6 

7 

8 

9 

10 

12 

11 

-DB6 

— DB7 (MSB) 


CLK IN — 

"i r 

|2 

> 

J 

T 

'z 

1 

o 

o 

•< 


r-DB6 
r— DB7 (MSB) 
DGND 
v ref/ 2 


See Ordering Information 


3 
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ADC0808/ADC0809 



National 

Semiconductor 

Corporation 


ADC0808, ADC0809 8-Bit juP Compatible A/D Converters 
with 8-Channel Multiplexer 


General Description 

The ADC0808, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 8-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 8-channel multiplexer can 
directly access any of 8-single-ended analog signals. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0808, ADC0809 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0808, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For 16- 
channel multiplexer with common output (sample/hold port) 
see ADC0816 data sheet. (See AN-247 for more informa- 
tion.) 


Features 

■ Easy interface to all microprocessors 

■ Operates ratiometrically or with 5 V D q or analog span 
adjusted voltage reference 

■ No zero or full-scale adjust required 

■ 8-channel multiplexer with address logic 

■ OV to 5V input range with single 5V power supply 

■ Outputs meet TTL voltage level specifications 

■ Standard hermetic or molded 28-pin DIP package 

■ 28-pin molded chip carrier package 


Key Specifications 


■ Resolution 

8 Bits 

■ Total Unadjusted Error 

±y 2 LSB and ±1 LSB 

■ Single Supply 

5 V DC 

■ Low Power 

15 mW 

■ Conversion Time 

100 juts 


Block Diagram 


START CLOCK 



Vcc GND REF(+) REF(-) OUTPUT 

ENABLE 


TL/H/5672-1 
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Absolute Maximum Ratings (Notes i & 2) Operating Conditions (Notes i & 2) 

If Military/Aerospace specified devices are required, Temperature Range (Note 1) Tmin^Ta^Tmax 

contact the National Semiconductor Sales Office/ AnrnflDRri -56°n<T A < +i?R°n 

«*^ *"<*»-. ***«". ISSSSnADMMKW 55CST ' £ + ’ 25C 

1 Supply Voltage (Vcc) (Note 3) 6.5V ADC0809CCN -40"C£T A ^ + 85’C 

Voltage at Any Pm 0.3 V to (V C c+ 0.3V) ADC0808CCV, ADC0809CCV -40°C <.J A <. + 85°C 

Except Control Inputs Range 0 f V cc (Note 1) 4.5 V DC to 6.0 V DC 

Voltage at Control Inputs - 0.3V to + 1 5V 

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) 

Storage T emperature Range - 65°C to + 1 50°C 

Package Dissipation at T A = 25°C 875 mW 

Lead Temp. (Soldering, 10 seconds) 

Dual-ln-Line Package (plastic) 260°C 

Dual-ln-Line Package (ceramic) 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 seconds) 2 1 5°C 

Infrared (1 5 seconds) 220°C 

ESD Susceptibility (Note 1 1 ) 400V 

Electrical Characteristics 

Converter Specifications: Vcc = 5 Vdc=Vref+. Vref(-)=GND, t min^ t a^Tmax and fcLK = 640 kHz unless otherwise 
stated. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


ADC0808 

Total Unadjusted Error 
(Note 5) 

25°C 

TMINtO T MA x 



1+ 1+ 

LSB 

LSB 


ADC0809 

Total Unadjusted Error 
(Note 5) 

0°C to 70°C 

TMINtO T MAX 



±1 
±i y 4 

LSB 

LSB 


Input Resistance 

From Ref(+) to Ref(-) 

1.0 

2.5 


kfl 


Analog Input Voltage Range 

(Note 4) V(+) or V(— ) 

GND-0.10 


Vcc + 0.10 

VDC 

VREF( + ) 

Voltage, Top of Ladder 

Measured at Ref(+) 


Vcc 

Vcc + 0.1 

V 

VreF( + ) + Vref(-) 

2 

Voltage, Center of Ladder 


Vcc/2-0.1 

V CC /2 

Vcc/2 + 0.1 

V 

VREF(-) 

Voltage, Bottom of Ladder 


m 

0 


n 

•in 

Comparator Input Current 

f c =640 kHz, (Note 6) 

-2 


2 


Electrical Characteristics 

Digital Levels and DC Specifications: ADC0808CJ 4.5V^Vcc^5.5V, -55°C^T A ^ + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, ADC0808CCV, ADC0809CCN and ADC0809CCV, 4.75 ^V C c^ 5.25V, -40°C<;T A ^ + 85°C un- 
less otherwise noted 

Symbol 

Parameter 

Conditions 

Min 



Units 

ANALOG MULTIPLEXER 

•OFF( + ) 

OFF Channel Leakage Current 

V C c = 5V, V, N = 5V f 

T a = 25°C 

TMINtO T MAX 


■ 


nA 

jllA 

■OFF(-) 

OFF Channel Leakage Current 

V C C=5V, V| N = 0, 

T a = 25°C 

TMINtO T MAX 




nA 

fxA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0808CJ 4.5V ^Vcc^ 5.5V, -55°C^T A ^ + 125°C unless otherwise noted 
ADC0808CCJ, ADC0808CCN, ADC0808CCV, ADC0809CCN and ADC0809CCV, 4.75 <:V C c^ 5.25 V, -40°C<;T A <; +85°C un- 
less otherwise noted 


Symbol 


CONTROL INPUTS 


Conditions 


Min Typ Max Units 


V|N(1) 

Logical “1” Input Voltage 

V|N(0) 

Logical “0” Input Voltage 




Logical “0” Input Current 
(The Control Inputs) 

V| N = 0 

-1.0 



Vcc~0-4 


Ice Supply Current 


DATA O UTPUTS /VND EOC (INTERRUPT) 

Logical “1” Output Voltage 
Logical “0” Output Voltage 
Logical “0” Output Voltage EOC 
Ci 


Electrical Characteristics 

Timing Specifications Vcc == Vref(+) = 5V, Vref(-) = GND, t r =tf=20 ns and T A =25°C unless otherwise noted 



fcLK = 640 kHz 


lo= —360 pA 


0 = 

l 0 = 1.2 mA 


= 5V 


= 0 

-3 


Symbol 


s 


*WALE 



Parameter 


Minimum Start Pulse Width 


Minimum ALE Pulse Width 


Minimum Address Set-Up Time 
Minimum Address Hold Time 


Conditions 


tHI.tHO 

OE Control to Q Logic State 

tlH. t0H 

OE Control to Hi-Z 



Input Capacitance 


TRI-STATE Output 
Capacitance 


(Figure 5) 


(Figure 5) 
(Figure 5) 


(Figure 5) 


C|_= 50 pF, R|_= 1 0k (Figure 8) 


C|_= 1 0 pF, R|_= 10k (Figure 8) 




(Figure 5) 


At Control Inputs 


At TRI-STATE Outputs, (Note 12) 



8 + 2 jllS Clock 
Periods 



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless othewise specified. 

Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vdc- 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vcc" supply. The spec allows 1 00 mV forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage 
by more than 100 mV, the output code will be correct. To achieve an absolute OVqc to 5 Vdc input voltage range will therefore require a minimum supply voltage of 
4.900 Vqc over temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. 
However, if an all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 

Note 8: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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Functional Description 

Multiplexer. The device contains an 8-channel single-end- 
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Table I shows the 
input states for the address lines to select any channel. The 
address is latched into the decoder on the low-to-high tran- 
sition of the address latch enable signal. 

TABLE I 


SELECTED 

ANALOG CHANNEL 

ADDRESS LINE 

C 

B 

A 

INO 

L 

L 

L 

INI 

L 

L 

H 

IN2 

L 

H 

L 

IN3 

L 

H 

H 

IN4 

H 

L 

L 

IN5 

H 

L 

H 

IN6 

H 

H 

L 

IN7 

H 

H 

H 


CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 8- 
bit analog-to-digital converter. The converter is designed 


to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the succes- 
sive approximation register, and the comparator. The con- 
verter’s digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia- 
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net- 
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran- 
sition occurs when the analog signal has reached + y 2 LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 

The successive approximation register (SAR) performs 8 it- 
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical example of a 3-bit converter. In the 
ADC0808, ADC0809, the approximation technique is ex- 
tended to 8 bits using the 256R network. 


CONTROLS FROM S.A.R. 



TO 

COMPARATOR 

INPUT 


TL/H/5672-2 


FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The A/D converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con- 
tinuous conversion may be accomplished by tying the end- 
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 
The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 


comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized comparator 
provides the most effective method of satisfying all the con- 
verter requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed throught a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 


{—FULL-SCALE 
• J ERROR = 1/2 LSB 


-H {—NONLINEARITY = 1/2 LSB 

010 r-|— I--* 

— ! I— NONLINEARITY = -1/2 LSB 

001 rf-Ll 

— { I— ZERO ERROR = -1/4 LSB 

000 V| N 

0/8 1/8 2/8 3/8 4/8 S/8 6/8 7/8 

Vin AS FRACTION OF FULL-SCALE 


+1/2 LSB 
TOTAL . , 
UNADJUSTED'*}--^ 
ERROR \Y\ 


INFINITE RESOLUTION 
PERFECT CONVERTER 


-IDEAL 3-BIT CONVERTER 


-1 LSB 
-ABSOLUTE 
ACCURACY 


0 T7 4J -1/2 LSB 

X H [—QUANTIZATION 
11 ET* ERROR 

to Id- 

0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 
V|N AS FRACTION OF FULL-SCALE 


FIGURE 2. 3-Bit A/D Transfer Curve 


FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 


QUANTIZING I 
ERR0R[ff[ 

INPUT 0V 
VOLTAGE 


REFERENCE LINE 



FIGURE 4. Typical Error Curve 
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Connection Diagrams 

Dual-ln-Line Package 


TL/H/5672-1 1 

Order Number ADC0808CCN, ADC0809CCN, 
ADC0808CCJ or ADC0808CJ 
See NS Package J28A or N28A 


Molded Chip Carrier Package 


IN3 — 

1 

28 

— IN2 



IN4 — 

2 

27 

-INI 



IN5 — 

3 

26 

-IN0 



IN6 — 

4 

25 

-ADD A 

IN0- 

26 

IN7 — 

5 

24 

-ADD B 

INI- 

27 

START- 

6 

23 

— ADD C 

IN2 — 

28 

EOC- 

7 

22 

-ALE 

IN3 — 

1 

2-5 — 

8 

21 

— 2" 1 MSB 

IN4 — 

2 

• ENABLE - 

9 

20 

-2” 2 

IN5 — 

3 

CLOCK - 

10 

21 

—2-3 

IN6 — 

4 

V CC“ 

11 

20 

-2-4 

V 

v ref( + )“ 

12 

17 

-2" 8 LSB 



GND — 

14 

16 

“ v ref(") 



2” 7 - 

14 

15 

— 2 - 6 




< < < < 

i i i 


N IO 

I I I 

Csl CM CM 

I I I I 


25 24 23 22 21 20 19 


18 1 — 2 " 


16 


MrefM 


5 6 7 8 9 10 11 


151—2” 


14 


9-7 


1 3 1— GND 

12 I — v ref (+) 


I I I I I I 

i". t— o m ui z 

Z on o 1 — 1 o 

— ■< LxJ CM CO o 


TL/H/5672-1 2 

Order Number ADC0808CCV or ADC0809CCV 
See NS Package V28A 


Timing Diagram 

I 




TL/H/5672-4 

FIGURE 5 
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Typical Performance Characteristics 



0 1.25 2.5 3.75 5 

V|N (V) 


FIGURE 6. Comparator I|n vs V|n 
<V C C = Vref=5V) 



TL/H/5672-5 


FIGURE 7. Multiplexer Rqn vs v in 
(V C C = V ref = 5V) 


TRI-STATE Test Circuits and Timing Diagrams 


*1H> *H1 


tlH» C L =10pF 


t|H1> Cl = 50 pF 


OUTPUT 

ENABLE 


V CC 



OUTPUT 

ENABLE 


OUTPUT 



GND 



*0H» *H0 


*0H» C L =10pF 


tH0» Cl = 50 pF 


OUTPUT 

ENABLE 



O 


OUTPUT 

ENABLE 


OUTPUT 




FIGURE 8 



Applications Information 

OPERATION 

1.0 RATIOMETRIC CONVERSION 

The ADC0808, ADC0809 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys- 
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt- 
age input to the ADC0808 is expressed by the equation 

V IN _ Dx { 

Vfs-Vz Dmax-Dmin 

V|n- Input voltage into the ADC0808 

Vf S = Full-scale voltage 

Vz = Zero voltage 

Dx=Data point being measured 

d max = Maximum data limit 

Dmin^ Minimum data limit 

A good example of a ratiometric transducer is a potentiome- 
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent- 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0808, 
ADC0809 is that the input voltage range is equal to the sup- 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, (Figure 9). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso- 
lute standard such as voltage or current. This means a sys- 
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if 
Vcc = Vref = 5.12V, then the full-scale range is divided into 
256 standard steps. The smallest standard step is 1 LSB 
which is then 20 mV. 

2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected into 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref(+), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P-channel switches. These limitations are auto- 
matically satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 

Figure 10 shows a ground referenced system with a sepa- 
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V is used, the supply should be adjusted to the same 
voltage within 0.1V. 



TL/H/5672-7 


FIGURE 9. Ratiometric Conversion System 


3 
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Applications Information (Continued) 

The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac- 
complished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the milliamp of supply current and the desired bus drive, or if 
a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12. 
The LM301 is overcompensated to insure stability when 
loaded by the 10 jaF output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically less 
than Vcc and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (i.e., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen- 
tered about Vcc/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
bit to be half the size of a 5V reference system. 



ADC0808 


DIGITAL 

OUTPUT 

REFERENCED 

TO 

GROUND 


Qout 


V|N 

Vref 


4.75 V ^ Vcc = Vref ^ 5.25V 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 



DIGITAL OUTPUT 
REFERENCED TO 
GROUND 


Qout 


V|N 

Vref 


4.75V £ Vcc = V REF ^ 5.25V 


TL/H/5672-8 


FIGURE 11: Ground Referenced Conversion System with 
Reference Generating Vcc Supply 
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Applications Information (Continued) 

10-15 VqC 



FIGURE 12. Typical Reference and Supply Circuit 


5V 





2.5V 

REFERENCE 



TL/H/5672-9 


FIGURE 13. Symmetrically Centered Reference 


3.0 CONVERTER EQUATIONS 

The transition between adjacent codes N and N + 1 is given 
by: 

V|N= |( v REF(+)-VrEF(-))[^ + j|j] ± VtUE j +VrEF(-) (2) 

The center of an output code N is given by: 

V|n[(VreF( + )~VreF(-))[^] iVTUE] +Vr EF (-) (3) 

The output code N for an arbitrary input are the integers 
within the range: 

N = ■ — V|N Vre =F(~) — x 256 ± Absolute Accuracy (4) 

v REF(+)-VREF(-) 

where: V|n = Voltage at comparator input 
Vref(+) = Voltage at Ref(+) 

Vref(-) = Voltage at Ref(-) 
v tue = Total unadjusted error voltage (typically 
VreF(+)^512) 


4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri- 
odic switching of on-chip stray capacitances. These are 
connected alternately to the output of the resistor ladder/ 
switch tree network and to the comparator input as part of 
the operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V|n as shown in Fig- 
ure 6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not introduce converter errors, as the tran- 
sient created by the capacitance discharge will die out be- 
fore the comparator output is strobed. 

If input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character- 
istics of a DC bias current whose effect can be predicted 
conventionally. 
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Typical Application 



TL/H/5672-10 


•Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor 


MICROPROCESSOR INTERFACE TABLE 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

8085 

Z-80 

SC/MP 

6800 

MEMR 

RD 

RD 

NRDS 

VMA«4>2«R/W 

MEMW 

WR 

WR 

NWDS 

VMA»<f>«R/W 

INTR (Thru RST Circuit) 

INTR (Thru RST Circuit) 

INT (Thru RST Circuit, Mode 0) 
SA (Thru Sense A) 

IRQA or IRQB (Thru PIA) 


Ordering Information 


TEMPERATURE RANGE 

— 40°C to +85°C 

— 55°C to + 125°C 



ADC0808CCN 

ADC0808CCV 

ADC0808CCJ 

ADC0808CJ 

± 1 LSB Unadjusted 

ADC0809CCN 

ADC0809CCV 



Package Outline 

N28A Molded DIP 

V28A Molded Chip Carrier 

J28A Ceramic DIP 

J28A Ceramic DIP 
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ADC0811 8-Bit Serial I/O A/D Converter 
With 11-Channel Multiplexer 
General Description 


The ADC0811 is an 8-Bit successive approximation A/D 
converter with simultaneous serial I/O. The serial input con- 
trols an analog multiplexer which selects from 11 input 
channels or an internal half scale test voltage. 

An input sample-and-hold is implemented by a capacitive 
reference ladder and sampled data comparator. This allows 
the input signal to vary during the conversion cycle. 
Separate serial I/O and conversion clock inputs are provid- 
ed to facilitate the interface to various microprocessors. 

Features 

■ Separate asynchronous converter clock and serial data 
I/O clock. 

■ 11 -Channel multiplexer with 4-Bit serial address logic. 

■ Built-in sample and hold function. 


Ratiometric or absolute voltage referencing. 

No zero or full-scale adjust required. 

Internally addressable test voltage. 

OV to 5V input range with single 5V power supply. 
TTL/MOS input/output compatible. 

0.3" standard width 20-pin dip or 20-pin molded chip 
carrier 


Key Specifications 

■ Resolution 

■ Total unadjusted error 

■ Single supply 

■ Low Power 

■ Conversion Time 


8-Bits 

± y 2 LSB and ± 1LSB 
5V DC 
15 mW 
32 n S 


Connection Diagrams 

Dual-ln-Line Package 


Functional Diagram 

Vcc 


CHO — 

1 

20 

— Vcc 

CHI — 

2 

19 

— </>2CLK 

CH2 — 

3 

18 

—Sclk 

CH3 — 

4 

17 

DI 

CH4 — 

5 

16 

DO 

CH5 — 

6 

15 

— CS 

CH6 

7 

14 

— Vref 

CH7 

8 

13 

— AGND 

CH8 — 

9 

12 

CH10 

GND 

10 

11 

CH9 



CHO-1 
CHI — 

CH2 — 

CH3-i 
CH4- 5 


Top View 


TL/H/5587-1 


Molded Chip Carrier (PCC) Package 

Sclk Di DO CS V REF 

1,1. I I 


CH5 

CH6 

CH7 

CHB 

CH9 

CH10 


tf>2CLK —I 

Vcc 1 

CHO 
CHI 
CH2 — I 


18 17 16 15 14 

19 13 


AGND 

CH10 

CH9 

GND 

CH8 


Vtest 


SAR 

. 1 * * , 

| D0 output | 

| uu SHIFT-REGISTER | 


1 

t J9 

14 

Ll 

c 1 — VW-J 

S. 



02CLK 


Vref 


I 10 

GND 


TL/H/5587-3 


CH3 CH4 CH5 CH6 CH7 


Top View 


TL/H/5587-2 


Order Number ADC0811J,N,V 
See NS Packages J20A, N20A, V20A 
Use Ordering Information 
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Absolute Maximum Ratings (Notes i & 2 > 






If Military /Aerospace specified devices are required, Lead Temp. (Soldering, 10 seconds) 

contact the National Semiconductor Sales Office/ Dual-In-Line Package (plastic) 


260°C 

Distributors for availability and specifications. 

Dual-In-Line Package (ceramic) 


300°C 

Supply Voltage (V C c) 


6.5V Molded Chip Carrier Package 



Voltage 



Vapor Phase (60 seconds) 


215°C 

Inputs and Outputs 

-0.3V to Vcc + 0.3V ln,rared (1 5 SeCOnds) 


220°C 

Input Current Per Pin (Note 3) 


+ 5m A ESD Susceptibility (Note 1 1) 


2000V 

Total Package Input Current (Note 3) ±20mA ^ n 

Storage Temperature -65°Cto +150°C Operating Ratings (Notes 1 &2) 


Package Dissipation at Ta = 25°C 

875 mW Supply Voltage (Vcc) 


4-5 V DC to 6.0 V DC 




Temperature Range 


Tmin^Ta^TmaX 




ADC081 1 BCN, ADC081 1 CCN 

0°C^T a ^70°C 




ADC081 1 BCJ, ADC081 1 BCV 

-40°C^T a ^85°C 




ADC081 1 CCJ, ADC081 1 CCV 

-40°C^T a ^85°C 




ADC081 1 BJ, ADC081 1 CJ 

-55°C^T A ^125°C 

Electrical Characteristics 








The following specifications apply for Vcc = 4.75V to 5.25V, Vref = + 4.6V to (Vcc + 0.1V), <f> 2 clk 

= 2.097 MHz unless 

otherwise specified. Boldface limits apply from Tmin to Tmax! all other limits T/\ = Tj = 

25°C. 





ADC0811BCJ, ADC0811BJ 

ADC0811BCN, ADC0811BCV 


Parameter 


ADC0811CCJ, ADC0811CJ 

ADC0811CCN, ADC081 1CCV 


Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

CONVERTER AND MULTIPLEXER CHARACTERISTICS | 

Maximum Total 

VreF = 5.00 V dc 








Unadjusted Error 

ADC081 1 BCN, ADC081 1 BCV 

(Note 4) 





±Vz 

±Vz 

LSB 

ADC081 1 BCJ, ADC081 1 BJ 



±% 




LSB 

ADC081 1 CCN, ADC081 1 CCV 






±1 

±1 

LSB 

ADC081 1 CCJ, ADC081 1 CJ 



±1 





LSB 

Minimum Reference 


8 


5 




kn 

Input Resistance 




3 

Maximum Reference 

Input Resistance 


8 

11 


8 

11 

BQI 

kfi 

Maximum Analog Input Range 

(Note 5) 


Vcc + 0.05 



Vcc + 0.05 

Vcc + 0.05 

V 

Minimum Analog Input Range 



GND-0.05 



GND-0.05 

GND-0.05 

V 

On Channel Leakage Current 
ADC0811BCJ, CCJ, BCN, CCN, 

On Channel = 5V 


lOOO 



400 

1000 

nA 

BCV, CCV 

Off Channel = 0V 








ADC0811CJ, BJ 



1000 





nA 

ADC0811BCJ, CCJ, BCN, CCN, 

On Channel = 0V 


-1000 



-400 

-1000 

nA 

BCV, CCV 

Off Channel = 5V 








ADC0811BJ, CJ 

(Note 9) 


-1000 





nA 

Off Channel Leakage Current 
ADC0811BCJ, CCJ, BCN, CCN, 

On Channel = 5V 


-1000 



-400 

1000 

nA 

BCV, CCV 

Off Channel = 0V 








ADC0811CJ, BJ 



-1000 





nA 

ADC0811BCJ, CCJ, BCN, CCN, 

On Channel = 0V 


1000 



400 

1000 

nA 

BCV, CCV 

Off Channel = 5V 








ADC0811BJ, CJ 

(Note 9) 


1000 





nA 

Minimum Vjest 

Vref = V C c. 







(Note 10) 

Internal Test Voltage 

CH 1 1 Selected 


125 



125 

125 

Counts 

Maximum Vjest 

Vref = V C c. 







(Note 10) 

Internal Test Voltage 

CH 11 Selected 


130 



130 

130 

Counts 
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Electrical Characteristics 

The following specifications apply for Vcc = 4.75V to 5.25V, Vref = + 4.6V to (Vqc + 0.1V), $2 clk = 2.097 MHz unless 
otherwise specified. Boldface limits apply from Tmin to t max 5 all other limits Ta = Tj = 25°C. (Continued) 




ADC0811BCJ, ADC0811BJ 

ADC0811BCN, ADC0811BCV 




ADC081 1CCJ, ADC081 1CJ 

ADC081 1CCN, ADC0811CCV 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

| DIGITAL AND DC CHARACTERISTICS 

V|N(i), Logical “1” Input 

Voltage (Min) 

Vcc = 5.25 V 


2.0 



2.0 

2.0 

V 

Vin(o). Logical “0” Input 

Voltage (Max) 

Vcc = 4.75 V 


0.8 



0.8 

0.8 

V 

l|N(i ), Logical “1” Input 

Current (Max) 

V| N = 5.0V 

0.005 

2.5 


0.005 

2.5 

2.5 

jxA 

l|N(0)» Logical “0” Input 

Current (Max) 

> 

0 

z 

> 

-0.005 

-2.5 


-0.005 

2.5 

-2.5 

ju,A 

VouT(i)> Logical “1” 

Vcc = 4.75 V 








Output Voltage (Min) 

l0UT“ “360 /xA 


2.4 



2.4 

2.4 

V 


•0UT = “10 /xA 


4.5 



4.5 

4.5 

V 

VouT(O). Logical “0” 

V CC = 5.25 V 


0.4 



0.4 

0.4 

V 

Output Voltage (Max) 

■out = 1-6 mA 








Iout» TRI-STATE Output 

V OUT = OV 

-0.01 

-3 


-0.01 

-3 

-3 

fx A 

Current (Max) 

v OUT = 5V 

0.01 

3 


0.01 

3 

3 

jliA 

■source. Output Source 

Current (Min) 

Vout = °v 

-12 

-6.5 


-14 

-6.5 

-6.5 

mA 

•sink* Output Sink Current (Min) 

V 0 UT = Vcc 

18 

8.0 


16 

8.0 

8.0 

mA 

Ice. Supply Current (Max) 

CS = 1 , Vref Open 

1 

2.5 


1 

2.5 

2.5 

mA 

l REF (Max) 

VreF = 5V 

0.7 

1 


0.7 

1 

1 

mA 


AC CHARACTERISTICS 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 

$2 CLK. <f >2 Clock Frequency 

MIN 


0.70 


1.0 

MHz 

MAX 

3.0 

2.0 

2.1 

Sclk. Serial Data Clock 

Frequency 

MIN 




5.0 

KHz 

MAX 

700 

525 

525 

Tc, Conversion Process Time 

MIN 

Not Including MUX 
Addressing and 
Analog Input 
Sampling Times 

48 


48 

(f >2 cycles 

MAX 

64 


64 

tAcc. Access Time Delay From CS 

Falling Edge to DO Data Valid 

MIN 




1 

< P 2 cycles 

MAX 



3 

tSET-UP> Minimum Set-up Time of CS Falling 

Edge to S C i_k Rising Edge 




4/<1>2CLK + 2 s clk 

sec 

t H cs, CS Hold Time After the Falling 

Edge of S C lk 




0 

ns 

t cs, Total CS Low Time 

MIN 




*set-up + 8/ScLK 

sec 

MAX 



t cs(min) + 48/ 4>2CLK 

sec 

tHDi. Minimum Dl Hold Time from 

Sclk Rising Edge 


0 


O 

ns 

tHDO. Minimum DO Hold Time from Sclk 

Falling Edge 

R L = 30k, 

C L = 100 pF 



10 

ns 
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Electrical Characteristics 

The following specifications apply for Vcc = 4.75V to 5.25V, Vref = +4.6V to (Vcc + 0.1V), <j >2 CLK = 2.097 MHz unless 
otherwise specified. Boldface limits apply from T^m to TmaxJ all other limits Ta = Tj = 25°C. (Continued) 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 

AC CHARACTERISTICS (Continued) 

tsDi* Minimum Dl Set-up Time to Sqlk 
R ising Edge 


200 


400 

ns 

tDDO. Maximum Delay From Sclk 
F alling Edge to DO Data Valid 

R L =30k, 

C L =100 pF 

180 

400 

400 

ns 

tjRi, Maximum DO Hold Time, 

(CS Rising edge to DO 
TRI-STATE) 

R L =3k, 

C L =100 pF 



150 


t C A. Analog 

Sampling Time 

After Address Is Latched 

CS=Low 





tRpo. Maximum DO 

R|_=30 kft, 

“TRI-STATE” to “HIGH” State 

75 


150 

ns 

Rise Time 

C L =100 pf 

“LOW” to “HIGH” State 

150 


300 



“TRI-STATE” to “LOW” State 

75 

150 

150 




“HIGH” to “LOW” State 

150 

300 

300 

C|n, Maximum Input 

Analog Inputs, ANO-AN10 and Vref 

11 


55 


Capacitance 

All Others 

5 


15 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Under over voltage conditions (V|n< 0V and V|n>V<x) the maximum input current at any one pin is ±5 mA. If the voltage at more than one pin exceeds 
Vcc + -3V the total package current must be limited to 20 mA. For example the maximum number of pins that can be over driven at the maximum current level of 
± 5 mA is four. 

Note 4: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 5: Two on-chip diodes are tied to each analog input, which will forward-conduct for analog input voltages one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct, especially at 
elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as the 
analog Vin does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vcc to 5 Vqc input voltage range will 
therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance and loading. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Guaranteed and 1 00% production tested under worst case condition. 

Note 8: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Channel leakage current is measured after the channel selection. 

Note 10: 1 count = V REF /256. 

Note 11: Human body model, 100 pF discharged through a 1.5 kfi resistor. 


Test Circuits 

Leakage Current 


DO Except “TRI-STATE” 


5V 5.0V 
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Test Circuits (Continued) 


t TR | “TRI-STATE” 


TEST 



TL/H/5587-22 


Typical Performance Characteristics 


Unadjusted Offset Error vs 
Vref Voltage 



0.01 0.1 1.0 5 

Vref (Vdc) 


Linearity Error vs Vref 
V oltage 



Output Current vs 
Temperature 



TEMPERATURE (°C) 


Linearity vs Temperature 


0.5 



§ 03 






' SciK = 525 kHz 
02=2.1 MHz 






vcc 

= VR 

EF = 

5V 















__ 















-25 25 75 125 

TEMPERATURE (°C) 


Linearity vs fa Clock 
Frequency 

0.5 
S' 0.4 

CO 
-J 

§ 03 

LLI 

£ 0.2 

2 
z 

= 0.1 


0 1 2 3 4 5 

02 CLK (MHz) 




■ 

m 

■ 

■ 

■ 

■ 

■ 

p 

■ 

s 

p 

p 

p 

e 


m 

■ 

m 

■ 

■ 

m 

■■ 


Power Supply Current 
vs Temperature 



-55 -15 25 65 

TEMPERATURE (°C) 


Power Supply Current vs 
4>2 Clock Frequency 



0 1 2 3 4 5 

0 2 (MHz) 


Resistive Ladder Reference 
Current vs Temperature 



-55 -15 25 65 105 

TEMPERATURE (°C) 


TL/H/5587-16 
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Timing Diagrams 


DO “TRI-STATE” Rise & Fall Times DO Low to High State 


— 


■*— tROO 

*— tRDO 

4 mi rn i CTRTC— J 

s 

^2.4V DO _ 

*2.4V 

0.4V 

TL/H/5587-14 

l.ZV**THI-oTATc" 

K 

-0.4V 

— 


^ — tFDO 



TL/H/5587-13 


DO High to Low State 


\ 


-tFDO 

0.4V 


TL/H/5587-15 


Timing with a continuous Sqlk 



‘Strobing CS High and Low will abort the present conversion and initiate a new serial I/O exchange. 


TL/H/5587-11 


Timing with a gated Sqlk and CS Continuously Low 


SCLK ^ 

— DATA 1 / 0 EXCHANGE CYCLE — 

♦CONVERSION PROCESS* 


CS (LOW) 




h t c : *1 


DO D7 

X“_ojX “ /«\ A 

_ D7 


TL/H/5587-9 


Using CS To TRI-STATE DO 



Note: Strobing CS Low during this time interval will abort the conversion in process. 


TL/H/5587-10 



Timing Diagrams (Continued) 


CS High During Conversion 



TL/H/5587-4 


CS Low During Conversion 



TL/H/5587-5 

Note: DO and Dl lines share the 8-bit I/O shift register(see Functional Block Diagram). Since the MUX address bits are shifted in on Sclk rising edges while Sclk 
falling edges shift out conversion data on DO, the eighth falling edge of Sclk will shift out the MSB MUX address bit (A7) on DO. Thus, if addressing channels 
CH8-CH10, a high DO will occur momentarily (one <f> 2 clock period) until the 8-bit I/O shift register is cleared by the internal EOC signal. 


Channel Addressing Table 



TABLE I. ADC 0811 Channel Addressing 


MUX ADDRESS 

ANALOG CHANNEL 

a 7 

A 6 

As 

A 4 

A 3 

a 2 

Ai 

Ao 

SELECTED 

0 

0 

0 

0 

X 

X 

X 

X 

CHO 

0 

0 

0 

1 

X 

X 

X 

X 

CHI 

0 

0 

1 

0 

X 

X 

X 

X 

CH2 

0 

0 

1 

1 

X 

X 

X 

X 

CH3 

0 

1 

0 

0 

X 

X 

X 

X 

CH4 

0 

1 

0 

1 

X 

X 

X 

X 

CH5 

0 

1 

1 

0 

X 

X 

X 

X 

CH6 

0 

1 

1 

1 

X 

X 

X 

X 

CH7 

1 

0 

0 

0 

X 

X 

X 

X 

CH8 

1 

0 

0 

1 

X 

X 

X 

X 

CH9 

1 

0 

1 

0 

X 

X 

X 

X 

CH10 

1 

0 

1 

1 

X 

X 

X 

X 

VteST 

1 

1 

X 

X 

X 

X 

X 

X 

LOGIC TEST MODE* 


* Analog channel inputs CHO thru CH3 are logic outputs 
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Functional Description 

1.0 DIGITAL INTERFACE 

The ADC0811 uses five input/output pins to implement the 
serial interface. Taking chip select (CS) low enables the I/O 
data lines (DO and Dl) and the serial clock input (Sclk)- The 
result of the last conversion is transmitted by the A/D on the 
DO line, while simultaneously the Dl line receives the ad- 
dress data that selects the mux channel for the next conver- 
sion. The mux address is shifted in on the rising edge of 
Sclk and the conversion data is shifted out on the falling 
edge. It takes eight Sqlk cycles to complete the serial I/O. 
A second clock (cf> 2 ) controls the SAR during the conversion 
process and must be continuously enabled. 

1.1 CONTINUOUS Sclk 

With a continuous Sqlk input CS must be used to synchro- 
nize the serial data exchange (see Figure 1). The ADC081 1 
recognizes a valid CS one to three $ 2 clock periods after 
the actual falling edge of CS. This is implemented to ensure 
noise immunity of the CS signal. Any spikes on CS less than 
one c f> 2 clock period will be ignored. CS must remain low 
during the complete I/O exchange which takes eight Sqlk 
cycles. Although CS is not immediately acknowledged for 
the purpose of starting a new conversion, the falling edge of 
CS immediately enables DO to output the MSB (D7) of the 
previous conversion. 

The first Sqlk rising edge will be acknowledged after a set- 
up time (t S et-up) has elapsed from the falling edge of CS. 
This and the following seven Sqlk rising edges will shift in 
thechanneladdressfortheanalog multiplexer. Since thereare 
12 channels only four address bits are utilized. The first four 
Sqlk cycles clock in the mux address, during the next four 
Sqlk cycles the analog input is selected and sampled. During 


this mux address/sample cycle, data from the last conver- 
sion is also clocked out on DO. Since D7 was clocked out 
on the falling edge of CS only data bits D6-D0 remain to be 
received. The following seven falling edges of Sqlk shift out 
this data on DO. 

The 8th Sqlk falling edge initiates the beginning of the A/D’s 
actual conversion process which takes between 48 to 64 c f> 2 
cycles (Tq). During this time CS can go high to TRI-STATE 
DO and disable the Sqlk input or it can remain low. If CS is 
held low a new I/O exchange will not start until the conver- 
sion sequence has been completed, however once the con- 
version ends serial I/O will immediately begin. Since there is 
an ambiguity in the conversion time (Tq) synchronizing the 
data exchange is impossible. Therefore CS should go high 
before the 48th <J> 2 clock has elasped and return low after 
the 64th cf> 2 to synchronize serial communication. 

A conversion or I/O operation can be aborted at any time by 
strobing CS. If CS is high or low less than one <J> 2 clock it will 
be ignored by the A/D. If the CS is strobed high or low 
between 1 to 3 cj> 2 clocks the A/D may or may not respond. 
Therefore CS must be strobed high or low greater than 3 (J> 2 
clocks to ensure recognition. If a conversion or I/O ex- 
change is aborted while in process the consequent data 
output will be erroneous until a complete conversion se- 
quence has been implemented. 

1.2 DISCONTINUOUS Sqlk 

Another way to accomplish synchronous serial communica- 
tion is to tie CS low continuously and disable Sqlk after its 
8th falling edge (see Figure 2). Sqlk must remain low for 



FIGURE 1 



TL/H/5587-19 
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Functional Description (Continued) 

at least 64 <f > 2 clocks to insure that the A/D has completed 
its conversion. If Sclk is enabled sooner, synchronizing to 
the data output on DO is not possible since an end of con- 
version signal from the A/D is not available and the actual 
conversion time is not known. With CS low during the con- 
version time (64 $2 max) DO will go low after the eighth 
falling edge of Sclk and remain low until the conversion is 
completed. Once the conversion is through DO will transmit 
the MSB. The rest of the data will be shifted out once Sclk 
is enabled as discussed previously. 

If CS goes high during the conversion sequence DO is tri- 
stated, and the result is not affected so long as CS remains 
high until the end of the conversion. 

1.2 MULTIPLEXER ADDRESSING 

The four bit mux address is shifted, MSB first, into Dl. Input 
data corresponds to the channel selected as shown in table 
1 . Care should be taken not to send an address greater than 
or equal to twelve (11 XX) as this puts the A/D in a digital 
testing mode. In this mode the analog inputs CHO thru CH3 
become digital outputs, for our use in production testing. 

2.0 ANALOG INPUT 

2.1 THE INPUT SAMPLE AND HOLD 

The ADC081 1’s sample/hold capacitor is implemented in its 
capacitive ladder structure. After the channel address is re- 
ceived, the ladder is switched to sample the proper analog 
input. This sampling mode is maintained for 1 jusec after the 


eighth Sclk falling edge. The hold mode is initiated with the 
start of the conversion process. An acquisition window of 
4ts C LK +1 is therefore available to allow the ladder 
capacitance to settle to the analog input voltage. Any 
change in the analog voltage before or after the acquisition 
window will not effect the A/D conversion result. 

In the most simple case, the ladder’s acquisition time is de- 
termined by the R on (3K) of the multiplexer switches and the 
total ladder capacitance (90pf). These values yield an acqui- 
sition time of about 2 /msec for a full scale reading. There- 
fore the analog input must be stable for at least 2 jmsec 
before and 1 /xsec after the eighth Sclk falling edge to 
ensure a proper conversion. External input source resist- 
ance and capacitance will lengthen the acquisition time and 
should be accounted for. 

Other conventional sample and hold error specifications are 
included in the error and timing specs of the A/D. The hold 
step and gain error sample/hold specs are taken into ac- 
count in the ADC0811’s total unadjusted error, while the 
hold settling time is included in the A/D’s max conversion 
time of 64 $2 clock periods. The hold droop rate can be 
thought of as being zero since an unlimited amount of time 
can pass between a conversion and the reading of data. 
However, once the data is read it is lost and another conver- 
sion is started. 


Typical Applications 


ADC0811-INS8048 INTERFACE 





ELEVEN ANALOG 
INPUTS 


TL/H/5587-21 
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5V 



Ordering Information 


Temperature Range 

0°C to 70°C 

-40°C to + 85°C 

— 55°C to +125°C 

Total 

Unadjusted 

Error 

±V 2 lsb 

ADC081 1 BCN 

ADC0811BCJ 

ADC081 1BCV 

ADC0811BJ 

±1 LSB 

ADC0811CCN 

ADC0811CCJ 

ADC081 1CCV 

ADC0811CJ 

Package Outline 

N20A 

J20A, V20A 

J20A 


3 
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National 
Semiconductor 
Corporation 

ADC0816, ADC0817 8-Bit juP 
with 16-Channel Multiplexer 
General Description 

The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital con- 
verter, 16-channel multiplexer and microprocessor compati- 
ble control logic. The 8-bit A/D converter uses successive 
approximation as the conversion technique. The converter 
features a high impedance chopper stabilized comparator, a 
256R voltage divider with analog switch tree and a succes- 
sive approximation register. The 16-channel multiplexer can 
directly access any one of 16-single-ended analog signals, 
and provides the logic for additional channel expansion. Sig- 
nal conditioning of any analog input signal is eased by direct 
access to the multiplexer output, and to the input of the 8-bit 
A/D converter. 

The device eliminates the need for external zero and full- 
scale adjustments. Easy interfacing to microprocessors is 
provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATE® outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable aspects of several A/D 
conversion techniques. The ADC0816, ADC0817 offers high 
speed, high accuracy, minimal temperature dependence, 
excellent long-term accuracy and repeatability, and con- 
sumes minimal power. These features make this device 
ideally suited to applications from process and machine 
control to consumer and automotive applications. For simi- 
lar performance in an 8-channel, 28-pin, 8-bit A/D convert- 


Compatible A/D Converters 

er, see the ADC0808, ADC0809 data sheet. (See AN-258 
for more information.) 

Features 

0 Easy interface to all microprocessors, or operates 
“stand alone” 

ra Operates ratiometrically or with 5 Vpc or analog span 
adjusted voltage reference 

■ 16-channel multiplexer with latched control logic 
n Outputs meet TTL voltage level specifications 

b OV to 5V analog input voltage range with single 5V sup- 
ply 

■ No zero or full-scale adjust required 

a Standard hermetic or molded 40-pin DIP package 
b Temperature range -40°C to +85°C or -55°C to 
+ 1 25°C 

B Latched TRI-STATE output 

h Direct access to “comparator in” and “multiplexer out” 
for signal conditioning 

Key Specifications 

B Resolution 8 Bits 

b Total Unadjusted Error ±y 2 LSB and ±1 LSB 

a Single Supply 5 Vpc 

a Low Power 15 mW 

b Conversion Time 100 jxs 



Block Diagram 



Vcc GND REF(+) REF(-) TL/H/5277-1 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vcc) (Note 3) 6.5V 

Voltage at Any Pin -0.3V to (V C c + 0.3 V) 

Except Control Inputs 

Voltage at Control Inputs - 0.3V to 1 5 V 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, 
ADD A, ADD B, ADD C, ADD D) 

Storage T emperature Range - 65°C to + 1 50°C 

Package Dissipation at T A = 25°C 875 mW 

Lead Temp. (Soldering, 10 seconds) 

Dual-In-Line Package (plastic) 260°C 

Dual-ln-Line Package (ceramic) 300°C 


ESD Susceptibility (Note 9) 


400V 


Operating Conditions (Notes 1 & 2) 

Temperature Range (Note 1) Tmin^ t a^ t max 

ADC0816CJ - 55°C ^ T A + 1 25°C 

ADC081 6CCJ, ADC081 6CCN, -40°C^T A ^ + 85°C 

ADC0817CCN 

Range of Vcc (Note 1) 4.5 Vqc to 6.0 Vqc 

Voltage at Any Pin 0V to Vcc 

Except Control Inputs 

Voltage at Control Inputs 0V to 1 5V 

(START, OE, CLOCK, ALE, EXPANSION CONTROL, 
ADD A, ADD B, ADD C, ADD D) 


Electrical Characteristics 

Converter Specifications: V C c=5 V DC = V REF (+), V REF (-) = GND, V| N = Vcomparator in Tmin^Tmax and fcLK : 
unless otherwise stated. 


640 kHz 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 


ADC0816 

Total Unadjusted Error 
(Note 5) 

25°C 

+MIN T MAX 



±V2 

±% 

LSB 

LSB 


ADC0817 

Total Unadjusted Error 
(Note 5) 

0°C to 70°C 

TMINtO Tmax 



±1 

±1% 

LSB 

LSB 


Input Resistance 

From Ref( + ) to Ref(-) 

1.0 

4.5 


kfl 


Analog Input Voltage Range 

(Note 4)V(+) or V(— ) 

GND-0.10 


Vcc + 0.10 

VdC 

VreF( + ) 

Voltage, Top of Ladder 

Measured at Ref(+) 


Vcc 

Vcc + O.1 

V 

VreF( + ) + V REF(-) 

2 

Voltage, Center of Ladder 


Vcc/2-0.1 

V CC /2 

Vcc/2 + 0.1 

V 

Vref(-) 

Voltage, Bottom of Ladder 

Measured at Ref(-) 

-0.1 

0 


V 


Comparator Input Current 

f c = 640 kHz, (Note 6) 

-2 

+ 0.5 

2 

jaA 


Electrical Characteristics 

Digital Levels and DC Specifications: ADC0816CJ 4.5V^Vcc^5.5V, -55°C^T A ^ + 125°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V <^V C c^ 5.25V, -40°C^T A ^ +85°C unless otherwise noted. 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ANALOG MULTIPLEXER 

Ron 

Analog Multiplexer ON 

(Any Selected Channel) 






Resistance 

T A = 25°C, R l = 1 0k 


1.5 

3 

k ft 



T a = 85°C 



6 

ka 



T a = 125°C 



9 

ka 

ARqn 

AON Resistance Between Any 

(Any Selected Channel) 


75 


a 


2 Channels 

o 

7 

cc 





>off+ 

OFF Channel Leakage Current 

V CC = 5V,V| N = 5V, 

T a = 25°C 


10 

200 

nA 



T MINtO T MAX 



1.0 

jtxA 

lOFF(-) 

OFF Channel Leakage Current 

Vcc = 5V,V| N = 0, 

T A = 25°C 

-200 



nA 



TmIN to T^ax 

-1.0 



juA 

CONTROL INPUTS 

V|N(1) 

Logical “1 ” Input Voltage 

I 

V CC - +5 



V 

V|N(0) 

Logical “0” Input Voltage 




1.5 

V 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0816CJ— 4.5V^Vqq^ 5.5V, -55 0 C^T A :£ + 125°C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN— 4.75V <V C c ^5.25V, -40°C^T A £ + 85°C unless otherwise noted. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CONTROL INPUTS (Continued) 

•lN(1) 

Logical “1” Input Current 
(The Control Inputs) 

V| N = 15V 



1.0 

juA 

l|N(0) 

Logical “0” Input Current 
(The Control Inputs) 

< 

z 

II 

o 

-1.0 



juA 

icc 

Supply Current 

fci_K = 640 kHz 


0.3 

3.0 

mA 

DATA OUTPUTS AND EOC (INTERRUPT) 

v OUT(1) 

Logical “1 ” Output Voltage 

Iq - 360 juA, T A = 85°C 
l 0 = —300 /xA, T a =125°C 

d 

1 

o 

o 

> 



V 

V OUT(0) 

Logical “0” Output Voltage 

Iq= 1.6 mA 



0.45 

V 

VOUT(O) 

Logical “0” Output Voltage EOC 

Iq —1.2 mA 



0.45 

V 

Iqut 

TRI-STATE Output Current 

> 8 o 

II II 
o o 
> > 

-3.0 


3.0 

< < 
3. =L 

Electrical Characteristics 

Timing Specifications: Vqc = Vref(+) = 5V . v REF(-) = gnd . t r =tf=20 ns and T A = 25°C unless otherwise noted. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tws 

Minimum Start Pulse Width 

(Figure 5) (Note 7) 


100 

200 

ns 

*WALE 

Minimum ALE Pulse Width 

(Figure 5) 


100 

200 

ns 


Minimum Address Set-Up Time 

(Figure 5) 


25 

50 

ns 

Th 

Minimum Address Hold Time 

(Figure 5) 


25 

50 

ns 

*D 

Analog MUX Delay Time 
from ALE 

Rs = 0 ^(Figure 5) 


1 

2.5 

fxS 

tHI.tHO 

OE Control to Q Logic State 

C|_= 50 pF, R|_= 1 0k (Figure 8) 


125 

250 

ns 


OE Control to Hi-Z 

C|_= 1 0 pF, R[_ = 1 0k (Figure 8) 


125 

250 

ns 

tc 

Conversion Time 

f c = 640 kHz, (Figure 5) (Note 8) 

90 

100 

116 

jus 

fc 

Clock Frequency 


10 

640 

1280 

kHz 

tEOC 

EOC Delay Time 

(Figure 5) 

0 


8 + 2(mS 

Clock 

Periods 

C|N 

Input Capacitance 

At Control Inputs 


10 

15 

PF 

Gout 

TRI-STATE Output 

Capacitance 

At TRI-STATE Outputs (Note 8) 


10 

15 

PF 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: A zener diode exists, internally, from V<x to GND and has a typical breakdown voltage of 7 Vqc- 

Note 4: Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages one diode drop below ground or one diode drop 
greater than the Vcc supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage 
by more than 100 mV, the output code will be correct. To achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 
4.900 Vqc ° ver temperature variations, initial tolerance and loading. 

Note 5: Total unadjusted error includes offset, full-scale, and linearity errors. See Figure 3. None of these A/Ds requires a zero or full-scale adjust. However, if an 
all zero code is desired for an analog input other than 0.0V, or if a narrow full-scale span exists (for example: 0.5V to 4.5V full-scale) the reference voltages can be 
adjusted to achieve this. See Figure 13. 

Note 6: Comparator input current is a bias current into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and has 
little temperature dependence (Figure 6). See paragraph 4.0. 

Note 7: If start pulse is asynchronous with converter clock the minimum start pulse width is 8 clock periods plus 2 A S. 

Note 8: The outputs of the data register are updated one clock cycle before the rising edge of EOC. 

Note 9: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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Functional Description 

Multiplexer: The device contains a 16-channel single-end- 
ed analog signal multiplexer. A particular input channel is 
selected by using the address decoder. Table 1 shows the 
input states for the address line and the expansion control 
line to select any channel. The address is latched into the 
decoder on the low-to-high transition of the address latch 
enable signal. 

TABLE 1 


Selected 

Analog Channel 

Address Line 

Expansion 

Control 

D 

C 

B 

A 

INO 

L 

L 

L 

L 

H 

INI 

L 

L 

L 

H 

H 

IN2 

L 

L 

H 

L 

H 

IN3 

L 

L 

H 

H 

H 

IN4 

L 

H 

L 

L 

H 

IN5 

L 

H 

L 

H 

H 

IN6 

L 

H 

H 

L 

H 

IN7 

L 

H 

H 

H 

H 

IN8 

H 

L 

L 

L 

H 

IN9 

H 

L 

L 

H 

H 

IN10 

H 

L 

H 

L 

H 

IN1 1 

H 

L 

H 

H 

H 

IN12 

H 

H 

L 

L 

H 

INI 3 

H 

H 

L 

H 

H 

INI 4 

H 

H 

H 

L 

H 

INI 5 

H 

H 

H 

H 

H 

All Channels OFF 

x 

X 

X 

X 

L 


X= don’t care 


Additional single-ended analog signals can be multiplexed 
to the A/D converter by disabling all the multiplexer inputs 
using the expansion control. The additional external signals 
are connected to the comparator input and the device 
ground. Additional signal conditioning (i.e., prescaling, sam- 
ple and hold, instrumentation amplification, etc.) may also 
be added between the analog input signal and the compara- 
tor input. 

CONVERTER CHARACTERISTICS 
The Converter 

The heart of this single chip data acquisition system is its 8- 
bit analog-to-digital converter. The converter is designed to 
give fast, accurate, and repeatable conversions over a wide 
range of temperatures. The converter is partitioned into 3 
major sections: the 256R ladder network, the successive 
approximation register, and the comparator. The converter’s 
digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional R/2R ladder because of its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed- 
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the system. 
Additionally, the 256R network does not cause load varia- 
tions on the reference voltage. 

The bottom resistor and the top resistor of the ladder net- 
work in Figure 1 are not the same value as the remainder of 
the network. The difference in these resistors causes the 
output characteristic to be symmetrical with the zero and 
full-scale points of the transfer curve. The first output tran- 
sition occurs when the analog signal has reached + y 2 LSB 
and succeeding output transitions occur every 1 LSB later 
up to full-scale. 


CONTROLS FROM S.A.R. 
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Functional Description (Continued) 

The successive approximation register (SAR) performs 8 it- 
erations to approximate the input voltage. For any SAR type 
converter, n-iterations are required for an n-bit converter. 
Figure 2 shows a typical example of a 3-bit converter. In the 
ADC0816, ADC0817, the approximation technique is ex- 
tended to 8 bits using the 256R network. 

The A/D converter’s successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. Con- 
tinuous conversion may be accomplished by tying the end- 
of-conversion (EOC) output to the SC input. If used in this 
mode, an external start conversion pulse should be applied 
after power up. End-of-conversion will go low between 0 
and 8 clock pulses after the rising edge of start conversion. 



TL/H/5277-3 

FIGURE 2. 3-Bit A/D Transfer Curve 


The most important section of the A/D converter is the 
comparator. It is this section which is responsible for the 
ulimate accuracy of the entire converter. It is also the com- 
parator drift which has the greatest influence on the repeat- 
ability of the device. A chopper-stabilized comparator pro- 
vides the most effective method of satisfying all the convert- 
er requirements. 

The chopper-stabilized comparator converts the DC input 
signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire A/D converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179. 



V|M AS FRACTION OF FULL-SCALE 

TL/H/5277-4 

FIGURE 3. 3-Bit A/D Absolute Accuracy Curve 
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Connection Diagram 


Dual-In-Package 


^“TT 


INS a 
IN6 • 
IN7 * 
INS- 
IN9 ■ 
IN10- 
IN11- 
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IN13 • 
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EOC- 
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MULTIPLEXER J5| 
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START" 
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-ADD B 
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-ADD D 
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- 2-2 
-2-3 


I—* 2 -8 LSB 


■ OUTPUT 
ENABLE 


Timing Diagram 

MM 
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INPUT 


MULTIPLEXER 

OUT 


OUTPUT 
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Order Number 
ADC0816CCN, 
ADC0817CCN, 
ADC0816CCJ or 
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1 -V mj 

1- tc 

r 


-c 


> 
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FIGURE 5 
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Typical Performance Characteristics 


f c = 1200 k Hz^/ 

/ 


A 

640 kHz 

f 




Hz 



g t c = 640kHi^ 7 
> 0 5 

-1 1200 kHz 

0 1.25 2.5 3.75 5 

V, N (V) 

FIGURE 6. Comparator Ijn vs Vin 
(Vcc = V ref = 5V) 


T a = 85 C/ 
/ T A = 25C / 


TRI-STATE Test Circuits and Timing Diagrams 

'ih*'hi 'ih* C L = 10pF 


0 1.25 2.5 3.75 5 

V|N (V) 

FIGURE 7. Multiplexer R 0 n vs V in 

(V C C = Vref = 5V) 


'hi* C l = 50 pF 





'oh* 'ho 

Vcc v cc 


'oh* C L =10pF 
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90 % It 

50% ^ 
10% 

\ 

— 


^“tOH 

~i 
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Applications information 

OPERATION 

1.0 RATIOMETRIC CONVERSION 

The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratiometric conversion sys- 
tems. In ratiometric systems, the physical variable being 
measured is expressed as a percentage of full-scale which 
is not necessarily related to an absolute standard. The volt- 
age input to the ADC0816 is expressed by the equation 
VlN ^ Dx 

v fs“V z D MAX -D M | N ^ 

V|n = Input voltage into the ADC0816 
Vf S = Full-scale voltage 
V z = Zero voltage 
D x = Data point being measured 
d max = Maximum data limit 
d min = Minimum data limit 

A good example of a ratiometric transducer is a potentiome- 
ter used as a position sensor. The position of the wiper is 
directly proportional to the output voltage which is a ratio of 
the full-scale voltage across it. Since the data is represent- 
ed as a proportion of full-scale, reference requirements are 
greatly reduced, eliminating a large source of error and cost 
for many applications. A major advantage of the ADC0816, 
ADC0817 is that the input voltage range is equal to the sup- 
ply range so the transducers can be connected directly 
across the supply and their outputs connected directly into 
the multiplexer inputs, {Figure 9). 


Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., are 
suitable for measuring proportional relationships; however, 
many types of measurements must be referred to an abso- 
lute standard such as voltage or current. This means a sys- 
tem reference must be used which relates the full-scale 
voltage to the standard volt. For example, if Vcc = Vref = 
5.12V, then the full-scale range is divided into 256 standard 
steps. The smallest standard step is 1 LSB which is then 20 
mV. 

2.0 RESISTOR LADDER LIMITATIONS 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref(+), should not be more positive 
than the supply, and the bottom of the ladder, Ref(-), 
should not be more negative than ground. The center of the 
ladder voltage must also be near the center of the supply 
because the analog switch tree changes from N-channel 
switches to P-channel switches These limitations are auto- 
maticaly satisfied in ratiometric systems and can be easily 
met in ground referenced systems. 

Figure 10 shows a ground referenced system with a sepa- 
rate supply and reference. In this system, the supply must 
be trimmed to match the reference voltage. For instance, if 
a 5.12V reference is used, the supply should be adjusted to 
the same voltage within 0.1V. 



FIGURE 9. Ratiometric Conversion System 


TL/H/5277-1 1 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily ac- 
complished. In Figure 11 a ground references system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the millliamp of supply current and the desired bus drive, or 
if a capacitive bus is driven by the outputs a large capacitor 
will supply the transient supply current as seen in Figure 12. 
The LM301 is overcompensated to insure stability when 
loaded by the 1 0 julF output capacitor. 


The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, but they can be symmetrically less 
than Vqc and greater than ground. The center of the ladder 
voltage should always be near the center of the supply. The 
sensitivity of the converter can be increased, (i.e., size of 
the LSB steps decreased) by using a symmetrical reference 
system. In Figure 13, a 2.5V reference is symmetrically cen- 
tered about Vqq/ 2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
to be half the size of the LSB in a 5V reference system. 


O. 

Vcc 

SUPPLY 


j v REF j. 





DIGITAL 

OUTPUT 

REFERENCED 

TO 

GROUND 


VlN 
VREF 

4.75V < Vqc = Vref^ 5-25 V 


Qout = 


ADC0816, 17 


FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 


TL/H/5277-12 



DIGITAL OUTPUT 
REFERENCED TO 
GROUND 


Qout= 


V|N 


VREF 

4.75V sV CC = V RE frs 5.25V 


FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vcc Supply 


TL/H/5277-13 
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Applications Information (Continued) 


10-15 VqC 



TL/H/5277-14 

FIGURE 12. Typical Reference and Supply Circuit 


5V 



2.5V 

REFERENCE 



DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V ^ V|(M < 3.75V 


R a = Rb 

Ratiometric transducers 


FIGURE 13. Symmetrically Centered Reference 


3.0 CONVERTER EQUATIONS 

The transition between adjacent codes N and N + 1 is 
given by: 

V|N= |(VreF( + )-VreF{-))[^+^] ±Vtue} +VREF(-) (2) 

The center of an output code N is given by: 

V|N= |(VreF( + )-VreF(-))[^] ±V TUe] +V REF (_) (3) 


TL/H/5277-15 


The output code N for an arbitrary input are the integers 
within the range: 

N = — — — — x 256 ± Absolute Accuracy (4) 
Vref(+)-Vref(-) 

where: Vin = Voltage at comparator input 
Vr E f = Voltage at Ref(+) 

Vref = Voltage at Ref(-) 
v tue = Total unadjusted error voltage (typically 
Vr E f( + ) -512) 
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Applications Information (Continued) 

4.0 ANALOG COMPARATOR INPUTS 

The dynamic comparator input current is caused by the peri- 
odic switching of on-chip stray capacitances These are con- 
nected alternately to the output of the resistor ladder/switch 
tree network and to the comparator input as part of the 
operation of the chopper stabilized comparator. 

The average value of the comparator input current varies 
directly with clock frequency and with V|n as shown in Fig- 
ure 6. 

Typical Application 


If no filter capacitors are used at the analog or comparator 
inputs and the signal source impedances are low, the com- 
parator input current should not introduce converter errors, 
as the transient created by the capacitance discharge will 
die out before the comparator output is strobed. 

If input filter capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input current. It will then take on the character- 
istics of a DC bias current whose effect can be predicted 
conventionally. See AN-258 for further discussion. 



‘Address latches needed for 8085 and SC/MP interfacing the ADC0816, 17 to a microprocessor 


TL/H/5277-16 


Microprocessor Interface Table 


PROCESSOR 

READ 

WRITE 

INTERRUPT (COMMENT) 

8080 

MEMR 

MEMW 

INTR (Thru RST Circuit) 

8085 

RD 

WR 

INTR (Thru RST Circuit) 

Z-80 

RD 

WR 

INT (Thru RST Circuit, Mode 0) 

SC/MP 

NRDS 

NWDS 

SA (Thru Sense A) 

6800 

VMA*<J> 2*R/W 

VMA*Q 2 »R7W 

IRQA or iRQB (Thru PI A) 


Ordering Information 


TEMPERATURE RANGE 

— 40°C to +85°C 

— 55°C to + 125°C 

Error 

+ y 2 Bit Unadjusted 

ADC0816CCN 

ADC0816CCJ 

ADC0816CJ 

± 1 Bit Unadjusted 

ADC0817CCN 



Package Outline 

N40A Molded DIP 

J40A Hermetic DIP 

J40A Hermetic DIP 
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PRELIMINARY 


ADC0819 8-Bit Serial I/O A/D Converter 
with 19-Channel Multiplexer 


General Description 

The ADC0819 is an 8-Bit successive approximation A/D 
converter with simultaneous serial I/O. The serial input con- 
trols an analog multiplexer which selects from 19 input 
channels or an internal half scale test voltage. 

An input sample-and-hold is implemented by a capacitive 
reference ladder and sampled data comparator. This allows 
the input signal to vary during the conversion cycle. 
Separate serial I/O and conversion clock inputs are provid- 
ed to facilitate the interface to various microprocessors. 

Features 

■ Separate asynchronous converter clock and serial data 
I/O clock. 

■ 1 9-Channel multiplexer with 5-Bit serial address logic. 

■ Built-in sample and hold function. 


■ Ratiometric or absolute voltage referencing. 

■ No zero or full-scale adjust required. 

■ Internally addressable test voltage. 

■ OV to 5V input range with single 5V power supply. 

■ TTL/MOS input/output compatible. 

■ 28-pin molded chip carrier or 28-pin molded DIP 

Key Specifications 

■ Resolution 8-Bits 

■ Total unadjusted error ± y 2 LSB and ± 1LSB 

■ Single supply 5Vpc 

■ Low Power 15 mW 

■ Conversion Time 16 juts 


Connection Diagrams Functional Diagram 


Molded Chip Carrier (PCC) Package 

5 2 12 >“ >“ 5 5 

l-I J 1. I.I.J 


b CLK" 


*2CLK“ 27 

V CC — 28 
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25 24 23 22 21 20 19 


26 


5 6 7 8 9 10 11 

n ~i ~ri~ r ~ r 


18 —CHI 6 
17 —CHI 5 
16 -CH14 
15 —CHI 3 
14 -GND 
13 —CHI 2 
12 — CH1 1 


TL/H/9287-1 

Top View 

Order Number ADC0819BCV, CCV 
See NS Package Number V28A 

Dual-In-Line Package 
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28 
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27 
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26 

-SCLK 
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4 

25 

— Dl 

CH4 — 

5 

24 

-DO 

CH5- 

6 

23 

-cs 

CH6 — 

7 

22 

”%K + ) 

CH7 — 

8 

21 

” v reK") 

CH8 — 

9 

20 

-CH18 

CH9 — 

10 

19 

-CH17 

CH10- 

11 

18 

-CH16 

CH11- 

12 

17 

-CHI 5 

CH12- 

13 

16 

-CHI 4 

GND — 

14 

15 

-CH13 


TL/H/9287-20 

Top View 

Order Number ADC0819BCN, CCN 
See NS Package Number N28B 
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1 28 



|14 

GND 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military /Aerospace specified devices are required, Lead Temperature (Soldering, 10 sec.) 

contact the National Semiconductor Sales Office/ Dual-ln-Line Package (Plastic) 260°C 

Distributors for availability and specifications. Surface Mount Package 

Supply Voltage (V C c) 6.5V Va P or Phase ( 60 sec -) 21 5 ° c 

Vo l tage Infrared (1 5 sec.) 220°C 

Inputs and Outputs —0.3V to Vqq + 0.3V ESD Susceptibility (Note 1 1) 2000V 

Input Current Per Pin (Note 3) ±5mA 

Total Package Input Current (Note 3) ±20mA Operating Ratings (Notes 1 & 2) 

Storage Temperature -65’Cto +150’C Supply Voltage (V CC ) 4.5 V DC to 6.0 V DC 

Package Dissipation at T A = 25°C 875mW Temperature Range T M1N £ T A S T MAX 

ADC0819BCV, ADC0819CCV -40°C <; T A <; +85°C 

ADC0819BCN, ADC0819CCN 0°C ST A S + 70°C 

Electrical Characteristics 

The following specifications apply for Vcc = 4.75V to 5.25V, Vref = + 4.6V to (Vcc + -IV), $2 CLK = 2.097 MHz unless 
otherwise specified. Boldface limits apply from T^in to t max'» all other limits +A = +J = 25°C. 

Parameter 

— 

Conditions 

ADC0819BCV, ADC0819BCN 
ADC0819CCV, ADC0819CCN 

Units 

Typical 
(Note 6) 

Tested 

Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

| CONVERTER AND MULTIPLEXER CHARACTERISTICS | 

Maximum Total 

Unadjusted Error 

ADC0819BCV, BCN 
ADC0819CCV, CCN 

Vref = 5.00 Vdc 
(N ote 4) 


±Vz 

±1 

±y 2 

±1 

LSB 

LSB 

Minimum Reference 

Input Resistance 


8 


5 


Maximum Reference 

Input Resistance 


8 

11 

11 

kn 

Maximum Analog Input Range 

(Note 5) 


V CC + 0.05 

Vcc + 0.05 

V 

Minimum Analog Input Range 



GND-0.05 

GND-0.05 

V 

On Channel Leakage Current 
ADC0819BCV, CCV, BCN, CCN 

ADC081 9BCV, CCV, BCN, CCN 

On Channel = 5V 

Off Channel = 0V 

On Channel = 0V 

Off Channel = 5V 
(Note 9) 


400 

-400 

lOOO 

-lOOO 

nA 

nA 

Off Channel Leakage Current 
ADC0819BCV, CCV, BCN, CCN 

ADC081 9BCV, CCV, BCN, CCN 

On Channel = 5V 

Off Channel = 0V 

On Channel = 0V 

Off Channel = 5V 
(Note 9) 


-400 

400 

-lOOO 

lOOO 

nA 

nA 

Minimum Vjest 

Internal Test Voltage 

Vref = Vcc. 

CH 19 Selected 


125 

125 

(Note 10) 
Counts 

Maximum Vjest 

Internal Test Voltage 

Vref=Vcc. 

CH 19 Selected 


130 

130 

(Note 10) 
Counts 

| DIGITAL AND DC CHARACTERISTICS | 

V|N(i), Logical “1” Input 

Voltage (Min) 

Vcc = 5.25 V 


2.0 

2.0 

V 

V|N(0). Logical "0” Input 

Voltage (Max) 

V C c = 4.75V 


0.8 

0.8 

V 

l|N(i)» Logical “1” Input 

Current (Max) 

V|n = 5.0V 

0.005 

2.5 

2.5 

fxA 

llN(o)» Logical “0” Input 

Current (Max) 

V,N = 0V 

-0.005 

-2.5 

-2.5 

jllA 
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Electrical Characteristics (Continued) 


The following specifications apply for Vqc = 4.75V to 5.25V, Vref = +4.6V to (Vqc + -IV), <f> 2 CLK = 2.097 MHz unless 
otherwise specified. Boldface limits apply from Tmin to Tmax 5 a11 other limits Ta = Tj = 25°C. 




ADC0819BCV, ADC0819BCN 
ADC0819CCV, ADC0819CCN 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

DIGITAL AND DC CHARACTERISTICS (Continued) | 

VouT(i). Logical “1” 

V CC = 4.75V 





Output Voltage (Min) 

•0UT = “360 jlxA 


2.4 

2.4 

V 


•oUT = “10 jaA 


4.5 

4.5 

V 

V OUT(0). Logical “0” 

V CC = 5.25V 


0.4 

0.4 

y 

Output Voltage (Max) 

•0UT = "• -3 mA 



Iout> TRI-STATE Output 

V OUT = OV 

-0.01 

-3 

-3 

juA 

Current (Max) 

v OUT =5V 

0.01 

3 

3 

juA 

'SOURCE. Output Source 

Current (Min) 

V OUT = OV 

-14 

-6.5 

-6.5 

mA 

•sink. Output Sink Current (Min) 

VoUT = Vcc 

16 

8.0 

8.0 

mA 

Ice. Supply Current (Max) 

CS= 1 , Vref Open 

1 

2.5 

2.5 

mA 

Iref (Max) 

Vref == 5V 

0.7 

1 

1 

mA 


AC CHARACTERISTICS 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 
Limit 
(Note 7) 

Design 

Limit 
(Note 8) 

Units 

<f>2 CLK. 4>2 Clock Frequency 

MIN 


0.70 


1.0 

MHz 

MAX 

4.0 

2.0 

2.1 

Sclk. Serial Data Clock 

Frequency 

MIN 




5.0 

KHz 

MAX 

1000 

525 

525 

Tc, Conversion Process Time 

MIN 

Not Including MUX 
Addressing and 
Analog Input 
Sampling Times 

26 


26 

cf>2 cycles 

MAX 

32 


32 

tAcc. Access Time Delay From CS 

Falling Edge to DO Data Valid 

MIN 




1 

4>2 cycles 

MAX 



3 

tsET-UP. Minimum Set-up Time of CS Falling 

Edge to Sclk Rising Edge 




4/4>2CLK + 0 c 

2 S C lk 

sec 

tnes, CS Hold Time After the Falling 

Edge of Sclk 




o 

ns 

t cs, Total CS Low Time 

MIN 




tset-up + 8/ScLK 

sec 

MAX 



t cs(min) + 26/ 4>2CLK 

sec 

tHDl. Minimum Dl Hold Time from 

Sclk Rising Edge 


0 


O 

ns 

tHDO. Minimum DO Hold Time from Sclk 

Falling Edge 

R L =30k, 

C L = 100 pF 



10 

ns 

tsDl. Minimum Dl Set-up Time to Sclk 

Rising Edge 


200 


400 

ns 

tDDO. Maximum Delay From Sclk 

Falling Edge to DO Data Valid 

R L = 30k, 

C L =100 pF 

180 

200 

250 

ns 

tjRi, Maximum DO Hold Time, 

(CS Rising edge to DO TRI-STATE) 

R L = 3k, 

C L = 100 pF 

90 

150 

150 

ns 
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Electrical Characteristics The following specifications apply for Vcc = 4.75V to 5.25V, t r = tf=20 ns, Vref~ 
4.6V to (Vcc+O.IV), unless otherwise specified. Boldface limits apply from Tmin to T MAXi all other limits Ta = Tj = 25°C. 


Parameter 

Conditions 

Typical 
(Note 6) 

Tested 

Limit 

Design 

Limit 

Units 



(Note 7) 

(Note 8) 



AC CHARACTERISTICS (Continued) 


t C A, Analog 

Sampling Time 

After Address Is Latched 

CS= Low 



3/$CLK+ 1 

sec 

Irdo. Maximum DO 

R l =30 kn, 

“TRI-STATE” to “HIGH” State 

75 

150 

150 

ns 

Rise Time 

C L =100 pf 

“LOW” to “HIGH” State 

150 

300 

300 

tFDO> Maximum DO 

R[_ = 30 kn, 

“TRI-STATE” to “LOW” State 

75 

150 

150 

ns 

Fall Time 

C L =100 pf 

“HIGH” to “LOW” State 

150 

300 

300 

Cin, Maximum Input 

Analog Inputs, ANO-AN10 and Vref 

11 


55 

PF 

Capacitance 

All Others 

5 


15 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Under over voltage conditions (V|n< 0V and V|n>Vcc) the maximum input current at any one pin is ±5 mA. If the voltage at more than one pin exceeds 
Vcc + -3V the total package current must be limited to 20 mA. For example the maximum number of pins that can be over driven at the maximum current level of 
±5 mA is four. 

Note 4: Total unadjusted error includes offset, full-scale, linearity, multiplexer, and hold step errors. 

Note 5: Two on-chip diodes are tied to each analog input, which will forward-conduct for analog input voltages one diode drop below ground or one diode drop 
greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct, especially at 
elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as the 
analog Vin does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 Vqc to 5 Vqc input voltage range will 
therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance and loading. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Tested Limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design Limits are guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Channel leakage current is measured after the channel selection. 

Note 10: 1 count = V REF /256. 

Note 11: Human body model; 100 pF discharged through a 1.5 kn resistor. 


Test Circuits 


Leakage Current 


5V 



t TR | “TRI-STATE” 


TEST 



TL/H/9287-5 


DO Except “TRI-STATE” 


5.0V 



Timing Diagrams 

DO “TRI-STATE” Rise & Fall Times 


— 


■* tRDO 

1,2 V —TRI-STATE «» 

z 

"1.4V 

s 

^0.4V 


-- 


tFDO 


TL/H/9287-6 
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Timing Diagrams (Continued) 

DO Low to High State DO High to Low State 


— 

"* — Irdo — ►] 

Ifdo 

00 . 


i r 0.4V 


TL/H/9287-7 


Data Input and Output Timing 



TL/H/9287-9 


Timing with a continuous Sqlk 



TL/H/9287-10 

•Strobing CS High and Low will abort the present conversion and initiate a new serial I/O exchange. 


Timing with a gated Sqlk and CS Continuously Low 



TL/H/9287-1 1 


Using CS To TRI-STATE DO 



TL/H/9287-8 


Note: Strobing CS Low during this time interval will abort the conversion in process. 
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Timing Diagrams (Continued) 


CS High During Conversion 


tCA 

CHANNEL 

ACQUISITION 

(MIN) 


SHIFT RESULT OUT 
'AND NEW ADDRESS IN 


—LPUTJnj^LFmJTJI TUITI RJTRJTJTJ T LFLF1J 


Dl X A7 X A6 X A5 X A4 X A3 J 


l A7 X A6 X A5 X A4 X A3 J 


i — - 


CS Low During Conversion 


tCA 

CHANNEL 
ACQUISITION ' 
(MIN) 


SHIFT RESULT OUT 
AND NEW ADDRESS IN 


LJTJTJnj^UTJ^U^LT^ RJTJ^U^lJTJT_Fl_n_ 


Dl X A7 X A6 X A5 Y A4 X A3 ] 


A7 X A6 X A5 X A4 X A3 j 


DO — < D7 X D6 X D5 Y D4 Y D3 X D2 X Dl X DO J 


f D7 X 06 Y D5 X 04 X D3 X D2 X Dl X DO 1 


Channel Addressing Table 


TABLE I. ADC 0819 Channel Addressing 


ANALOG 

CHANNEL 

SELECTED 


MUX ADDRESS 

a 7 

Ae 

A5 

A 4 

a 3 

A 2 

Ai 

A 0 

0 

0 

0 

0 

0 

X 

X 

X 

0 

0 

0 

0 

1 

X 

X 

X 

0 

0 

0 

1 

0 

X 

X 

X 

0 

0 

0 

1 

1 

X 

X 

X 

0 

0 

1 

0 

0 

X 

X 

X 

0 

0 

1 

0 

1 

X 

X 

X 

0 

0 

1 

1 

0 

X 

X 

X 

0 

0 

1 

1 

1 

X 

X 

X 

0 

1 

0 

0 

0 

X 

X 

X 

0 

1 

0 

0 

1 

X 

X 

X 

0 

1 

0 

1 

0 

X 

X 

X 

0 

1 

0 

1 

1 

X 

X 

X 

0 

1 

1 

0 

0 

X 

X 

X 

0 

1 

1 

0 

1 

X 

X 

X 

0 

1 

1 

1 

0 

X 

X 

X 

0 

1 

1 

1 

1 

X 

X 

X 

1 

0 

0 

0 

0 

X 

X 

X 

1 

0 

0 

0 

1 

X 

X 

X 

1 

0 

0 

1 

0 

X 

X 

X 

1 

0 

0 

1 

1 

X 

X 

X 

1 

0 

1 

0 

0 

X 

X 

X 

1 

0 

1 

0 

1 

X 

X 

X 

1 

0 

1 

1 

0 

X 

X 

X 

1 

0 

1 

1 

1 

X 

X 

X 

1 

1 

X 

X 

X 

X 

X 

X 


*Analog channel inputs CHO thru CH4 are logic outputs 
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Functional Block Diagram 




ADC0819 


Functional Description 

1.0 DIGITAL INTERFACE 

The ADC0819 uses five input/output pins to implement the 
serial interface. Taking chip select (C§) low enables the I/O 
data lines (DO and Dl) and the serial clock input (Sclk)- The 
result of the last conversion is transmitted by the A/D on the 
DO line, while simultaneously the Dl line receives the ad- 
dress data that selects the mux channel for the next conver- 
sion. The mux address is shifted in on the rising edge of 
Sclk and the conversion data is shifted out on the falling 
edge. It takes eight Sclk cycles to complete the serial I/O. 
A second clock (<f> 2 ) controls the SAR during the conversion 
process and must be continuously enabled. 

1.1 CONTINUOUS Sclk 

With a continuous Sclk input CS must be used to synchro- 
nize the serial data exchange (see Figure 1). The ADC0819 
recognizes a valid CS one to three clock periods after 
the actual falling edge of CS. This is implemented^ to ensure 
noise immunity of the CS signal. Any spikes on CS less than 
one <f >2 clock period will be ignored. CS must remain low 
during the complete^ I/O exchange which takes eight Sclk 
cycles. Although CS is not immediately acknowledged for 
the purpose of starting a new conversion, the falling edge of 
CS immediately enables DO to output the MSB (D7) of the 
previous conversion. 

The first Sclk rising edge will be acknowledged after a set- 
up time (t se t-up) has elapsed from the falling edge of CS. 
This and the following seven Sclk rising edges will shift in 
the channel address for the analog multiplexer. Since there are 
19 channels only five address bits are utilized. The first five 
Sclk cycles clock in the mux address, during the next three 
Sclk cycles the analog input is selected and sampled. During 


this mux address/sample cycle, data from the last conver- 
sion is also clocked out on DO. Since D7 was clocked out 
on the falling edge of CS only data bits D6-D0 remain to be 
received. The following seven falling edges of Sclk shift out 
this data on DO. 

The 8th Sclk falling edge initiates the beginning of the A/D’s 
actual conversion process which takes between 26 and 32 
<f >2 cycles (Tc). During this time CS can go high to TRI- 
STATE DO and disable the Sclk input or it can remain low. 
If CS is held low a new I/O exchange will not start until the 
conversion sequence has been completed, however once 
the conversion ends serial I/O will immediately begin. Since 
there is an ambiguity in the conversion time (Tc) synchroniz- 
ing the data exchange is impossible. Therefore CS should 
go high before the 26th <f> 2 clock has elasped and return low 
after the 32nd <f > 2 to synchronize serial communication. 

A conversion or I/O operation can be aborted at any time by 
strobing CS. If CS is high or low less than one cf> 2 clock it will 
be ignored by the A/D. If the CS is strobed high or low 
between 1 Jo 3 4 > 2 clocks the A/D may or may not respond. 
Therefore CS must be strobed high or low greater than 3 cf >2 
clocks to ensure recognition. If a conversion or I/O ex- 
change is aborted while in process the consequent data 
output will be erroneous until a complete conversion se- 
quence has been implemented. 

1.2 DISCONTINUOUS Sclk 

Another way to accomplish synchronous serial communica- 
tion is to tie CS low continuously and disable Sqlk after its 
8th falling edge (see Figure 2). Sclk must remain low for 



TL/H/9287-16 


FIGURE 1 



TL/H/9287-17 

FIGURE 2 
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Functional Description (Continued) 

at least 32 <f> 2 clocks to ensure that the A/D has completed 
its conversion. If Sclk is enabled sooner, synchronizing to 
the data output on DO is not possible since an end of con- 
version signal from the A/D is not available and the actual 
conversion time is not known. With CS low during the con- 
version time (32 (f> 2 max) DO will go high or low after the 
eighth falling edge of Sclk until the conversion is complet- 
ed. Once the conversion is through DO will transmit the 
MSB. The rest of the data will be shifted out once Sclk is 
enabled as discussed previously. 

If CS goes high during the conversion sequence DO is tri- 
stated, and the result is not affected so long as CS remains 
high until the end of the conversion. 

1.2 MULTIPLEXER ADDRESSING 

The five bit mux address is shifted, MSB first, into Dl. Input 
data corresponds to the channel selected as shown in table 
1 . Care should be taken not to send an address greater than 
or equal to twenty four (11XXX) as this puts the A/D in a 
digital testing mode. In this mode the analog inputs CHO 
thru CH4 become digital outputs, for our use in production 
testing. 

2.0 ANALOG INPUT 

2.1 THE INPUT SAMPLE AND HOLD 

The ADC0819’s sample/hold capacitor is implemented in its 
capacitive ladder structure. After the channel address is re- 
ceived, the ladder is switched to sample the proper analog 
input. This sampling mode is maintained for 1 /x sec after the 


eighth Sclk falling edge. The hold mode is initiated with the 
start of the conversion process. An acquisition window of 
3ts C LK +1 / xsec is therefore available to allow the ladder 
capacitance to settle to the analog input voltage. Any 
change in the analog voltage before or after the acquisition 
window will not effect the A/D conversion result. 

In the most simple case, the ladder’s acquisition time is de- 
termined by the R on (3K) of the multiplexer switches and the 
total ladder capacitance (90pf). These values yield an acqui- 
sition time of about 2 jusec for a full scale reading. There- 
fore the analog input must be stable for at least 2 /xsec 
before and 1 /xsec after the eighth Sclk falling edge to 
ensure a proper conversion. External input source resist- 
ance and capacitance will lengthen the acquisition time and 
should be accounted for. 

Other conventional sample and hold error specifications are 
included in the error and timing specs of the A/D. The hold 
step and gain error sample/hold specs are taken into ac- 
count in the ADC0819’s total unadjusted error, while the 
hold settling time is included in the A/D’s max conversion 
time of 32 <f> 2 clock periods. The hold droop rate can be 
thought of as being zero since an unlimited amount of time 
can pass between a conversion and the reading of data. 
However, once the data is read it is lost and another conver- 
sion is started. 


Typical Applications 


ADC0819-INS8048 INTERFACE 





NINETEEN ANALOG 
INPUTS 
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National 

Semiconductor 

Corporation 


ADC0820 8-Bit High Speed /xP Compatible 
A/D Converter with Track/Hold Function 



General Description 

By using a half-flash conversion technique, the 8-bit 
ADC0820 CMOS A/D offers a 1.5 jlls conversion time and 
dissipates only 75 mW of power. The half-flash technique 
consists of 32 comparators, a most significant 4-bit ADC 
and a least significant 4-bit ADC. 

The input to the ADC0820 is tracked and held by the input 
sampling circuitry eliminating the need for an external sam- 
ple-and-hold for signals moving at less than 100 mV/jus. 
For ease of interface to microprocessors, the ADC0820 has 
been designed to appear as a memory location or I/O port 
without the need for external interfacing logic. 

Key Specifications 

■ Resolution 8 Bits 

■ Conversion Time 2.5 jlls Max (RD Mode) 

1.5 juts Max (WR-RD Mode) 

■ Input signals with slew rate of 100 mV//xs converted 
without external sample-and-hold to 8 bits 

■ Low Power 75 mW Max 

■ Total Unadjusted Error ± y 2 LSB and ± 1 LSB 


Features 

■ Built-in track-and-hold function 

■ No missing codes 

■ No external clocking 

■ Single supply— 5 Vpc 

■ Easy interface to all microprocessors, or operates 
stand-alone 

■ Latched TRI-STATE® output 

■ Logic inputs and outputs meet both MOS and T 2 L volt- 
age level specifications 

■ Operates ratiometrically or with any reference value 
equal to or less than Vcc 

■ 0V to 5V analog input voltage range with single 5V 
supply 

■ No zero or full-scale adjust required 

■ Overflow output available for cascading 

■ 0.3" standard width 20-pin DIP 

■ 20-pin molded chip carrier package 

■ 20-pin small outline package 


Connection and Functional Diagrams 


Dual-In-Line and Small 
Outline Packages 


V| N - 

1 

20 

-v CC 

DBO — 

2 

19 

-NC 

DB1- 

3 

18 

-0FL 

DB2- 

4 

17 

-0B7 

DB3- 

5 

16 

-DB6 

WR/RDY- 

6 

15 

-DB5 

M0DE- 

7 

14 

-DB4 

RD- 

8 

13 

-CS 

iNT — 

9 

12 

— v ref( + ) 

GND — 

10 

11 

— v ref(“) 


Top View 

Molded Chip Carrier 
Package 

M N to in 

CO CO OQ CD 

lo o o o o 
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TL/H/5501-33 


FIGURE 1 


See Ordering Information 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) 

contact the National Semiconductor Sales Office/ Dual-ln-Line Package (plastic) 260°C 

Distributors for availability and specifications. Dual-ln-Line Package (ceramic) 300°C 

Supply Voltage (V cc ) 1 0V Surface Mount Package 

Logic Control Inputs -0.2V to V cc +0.2V Vapor Phase (60 sec.) 215“C 

Infrared (15 sec.) 220°C 

Voltage at Other Inputs and Output -0.2V to Vcc + 0.2V 

Storage Temperature Range -65°C to + 1 50°C Operating Ratings (Notes 1 & 2) 

Package Dissipation at T a = 25°C 875 mW Temperature Range Tmin^ t a^ t max 

Input Current at Any Pin(Note5) 1mA ADC0820BD, ADC0820CJ + 125°C 

Package Input Current (Note 5) 4 mA ADC0820BCD, ADC0820CCJ -40°C<;T A £ +85°C 

ESD Susceptability (Note 9) 1200V ADC0820BCN, ADC0820CCN 0°C^T A ^70°C 

ADC0820BCV, ADC0820CCV 0°C^T A ^70°C 

ADC0820BCWM, ADC0820CCWM 0°C^T A ^70°C 

Vcc Range 4.5V to 8V 

Converter Characteristics The following specifications apply for RD mode (pin 7 = 0), Vcc=5V, 

Vref(+ ) = 5V, and Vref(~~) = GND unless otherwise specified. Boldface limits apply from Tmin to Tmax‘» all other limits 

T A = Tj = 25°C. 

Parameter 

Conditions 

ADC0820BD, ADC0820CJ 
ADC0820BCD, ADC0820CCJ 

ADC0820BCN, ADC0820CCN 
ADC0820BCV, ADC0820CCV 
ADC0820BCWM, ADC0820CCWM 

Limit 

Units 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Resolution 



8 



8 

8 

Bits 

Total Unadjusted Error 

ADC0820BD, BCD 


±% 





LSB 

(Note 3) 

ADC0820BCN 





±Vz 

±V2 

LSB 


ADC0820CD, CCD 


±1 





LSB 


ADC0820CCN 





±1 

±1 

LSB 

Minimum Reference 


2.3 

1.00 


2.3 

1.2 


k Ct 

Resistance 









Maximum Reference 


2.3 

6 


2.3 


6 

kH 

Resistance 









Maximum Vref(+) 



V CC 



Vcc 

V C c 

V 

Input Voltage 









Minimum Vref(~) 



GND 



GND 

GND 

V 

Input Voltage 









Minimum Vref(+) 



VREF(-) 



Vref(-) 

Vref(-) 

V 

Input Voltage 









Maximum Vref(“) 



v ref(+) 



Vref(+) 

Vref(+) 

V 

Input Voltage 









Maximum V|fy| Input 



Vcc + 0.1 



Vcc + o.i 

Vcc + 0.1 

V 

Voltage 









Minimum Vin Input 



GND — 0.1 



GND — 0.1 

GND — 0.1 

V 

Voltage 









Maximum Analog 

CS = Vcc 








Input Leakage Current 

V|N = Vcc 


3 




3 



V| N = GND 


-3 




-3 


Power Supply 

V C c = 5V±5% 

±Vl6 

±V4 


±Vl6 


+y 4 

LSB 

Sensitivity 
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DC Electrical Characteristics The following specifications apply for Vcc = 5V, unless otherwise specified. 
Boldface limits apply from Tmin to Tmax; al1 other limits Ta=Tj = 25°C. 


Parameter 

Conditions 

ADC0820BD, ADC0820CJ 
ADC0820BCD, ADC0820CCJ 

ADC0820BCN, ADC0820CCN 
ADC0820BCV, ADC0820CCV 
ADC0820BCWM, ADC0820CCWM 

Limit 

Units 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

V|N(i), Logical “1” 

Vcc = 5.25 V 

CS, WR, RD 


2.0 



2.0 

2.0 

V 

Input Voltage 


Mode 


3.5 



3.5 

3.5 

V 

V|N(0)» Logical “0” 

V CC = 4.75V 

CS, WR, RD 


0.8 



0.8 

0.8 

V 

Input Voltage 


Mode 


1.5 



1.5 

1.5 

V 

l|N(i). Logical “1 ” 

V|N(1) = 5V; CS, RD 

0.005 

1 


0.005 


1 

juA 

Input Current 

V| N(1) = 5V;WR 


0.1 

3 


0.1 

0.3 

3 

jiiA 


V|N( 1 ) = 5V; Mode 


50 

200 


50 

170 

200 

M A 

l|N(0)» Logical “0” 

V|N(0) = OV;CS,RD, WR, 

-0.005 

-1 


-0.005 


-1 

juA 

Input Current 

Mode 









v OUT(i). Logical “1” 

V CC = 4.75V, lour 

= —360 /xA; 


2.4 



2.8 

2.4 

V 

Output Voltage 

DB0-DB7, OFL, INT 









Vcc = 4.75V, lour 

= —10 juA; 


4.5 



4.6 

4.5 

V 


| DB0-DB7, OFL, INT 








VoUT(O). Logical “0” 

V CC = 4.75V, lour 

= 1 .6 mA; 


0.4 



0.34 

0.4 

V 

Output Voltage 

DB0-DB7, OFL, INT, RDY 








l0UT. TRI-STATE 

Vout=5V; DB0-DB7, RDY 

0.1 

3 


0.1 

0.3 

3 

JJL A 

Output Current 

V O ut=0V;DB0-DB7, RDY 

-0.1 

-3 


-0.1 

-0.3 

-3 

juA 

ISOURCE. Output 

V O UT=0V; DB0-DB7, OFL 

-12 

-6 


-12 

-7.2 

-6 

mA 

Source Current 

INT 


-9 

-4.0 


-9 

-5.3 

-4.0 

mA 

IsinKi Output Sink 

V 0 UT = 5V; DB0-DB7, OFL, 

14 

7 


14 

8.4 

7 

mA 

Current 

| INT, RDY 



! 






Ice. Supply Current 

CS = WR = RD = 0 

7.5 

15 


7.5 

13 

15 

mA 


AC Electrical Characteristics The following specifications apply for Vcc — 5V, t r = tf = 20 ns, Vref( + ) = 5V, 
Vref(~) = 0V and Ta = 25°C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

tcRDi Conversion Time for RD Mode 

Pin 7 = 0, (Figure 2) 

1.6 


2.5 

jus 

Ucco* Access Time (Delay from 

Falling Edge of RD to Output Valid) 

Pin 7 = 0, (Figure 2) 

tcRD + 20 


tCRD + 50 

ns 

tcwR-RD. Conversion Time for 

WR-RD Mode 

Pin 7 = Vcci t\A/R = 500 ns, 
tRD = 600 ns; (Figures 3a and 3b) 



1.52 

jus 

twR. Write Time 

Min 

Pin 7 = Vcc; (Figures 3a and 3b) 

(Note 4) See Graph 


600 


ns 

Max 

50 



fXS 

tRD, Read Time Min 

Pin 7 = Vcc; (Figures 3a and 3b) 
(Note 4) See Graph 


600 


ns 

Ucci> Access Time (Delay from 

Falling Edge of RD to Output Valid) 

Pin 7 = Vcc. tRD <t li 
(Figure 3a) 

C L = 1 5 pF 

190 


280 

ns 

Cl— 100 pF 

210 


320 

ns 

tAcC2> Access Time (Delay from 

Falling Edge of RD to Output Valid) 

Pin 7 = V C c. tRD>ti; (Figure 3b) 
C L =15pF 

70 


120 

ns 

Cl= 1 00 pF 

90 


150 

ns 
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AC Electrical Characteristics (Continued) The following specifications apply for Vcc = 5V, t r =tf =20 ns, 
Vref( + ) = 5V, Vref( — ) = OV and Ta = 25°C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

t|, Internal Comparison Time 

Pin 7 = Vcc; (Figures 3b and 4) 
C L =50pF 

800 


1300 

ns 

tiH> toH> TRI-STATE Control 
(Delay from Rising Edge of RD to 

Hi-Z State) 

R|_=1k, C L =10pF 

100 


200 

ns 

t|NtL. Delay from Rising Edge of 

WR to Falling Edge of INT 

Pin 7 = Vqc, C[_= 50 pF 
t RD > tr, (Figure 3b) 
tRD<t|; (Figure 3a) 

t RD + 200 


t| 

t RD + 290 

ns 

ns 

tjNXH> Delay from Rising Edge of 

RD to Rising Edge of INT 

(Figures 2, 3a and 3b) 

C l =50 pF 

125 


225 

ns 

t]NTHWR> Delay from Rising Edge of 
WR to Rising Edge of INT 

(Figure 4), Cl = 50 pF 

175 


270 

ns 

tRDY. Delay from CS to RDY 

(Figure 2), Cl = 50 pF, Pin 7=0 

50 


100 

ns 

tip, Delay from IN? to Output Valid 

(Figure 4) 

20 


50 

ns 

tR|, Delay from RD to INT 

Pin 7= Vcc. tRD<t| 

(Figure 3a) 

200 


290 

ns 

tp, Delay from End of Conversion 
to Next Conversion 

(Figures 2, 3a, 3b and 4) 

(Note 4) See Graph 



500 

ns 

Slew Rate, Tracking 


0.1 



V/JULS 

Cvin. Analog Input Capacitance 


45 



PF 

Gout. Logic Output Capacitance 


5 



pF 

Cin, Logic Input Capacitance 


5 



pF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the GND pin, unless otherwise specified. 

Note 3: Total unadjusted error includes offset, full-scale, and linearity errors. 

Note 4: Accuracy may degrade if twR or tRD is shorter than the minimum value specified. See Accuracy vs twR and Accuracy vs t RD graphs. 

Note 5: When the input voltage (Vin) at any pin exceeds the power supply rails (Vin < V~ or Vin > V+) the absolute value of current at that pin should be limited 
to 1 mA or less. The 4 mA package input current limits the number of pins that can exceed the power supply boundaries with a 1 mA current limit to four. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 9: Human body model, 1 00 pF discharaged through a 1 .5 kft resistor. 


TRI-STATE Test Circuits and Waveforms 




DATA 

OUTPUT 
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*1H» C L = 10 pF 
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Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 


1 

-55° 

1 

< Ta < - 

- 125°C 
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Vcc— SUPPLY VOLTAGE (V) 


Conversion Time (RD Mode) 
vs Temperature 



-100 -50 0 50 100 150 

Ta-AMBIENT TEMPERATURE (°C) 


Power Supply Current vs 
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reference ladder) 


Vcc = 5.25V 

Kr 


-100 -50 0 50 100 150 

Ta-AMBIENT TEMPERATURE (°C) 


Accuracy vs twR 


Accuracy vs tRD 


Accuracy vs t p 



Vcc = 
Vref= 

t a =: 

5V 

=5V 

5°C 


tp =5 
tRD = 

00 ns 
600 ns 











400 500 600 700 800 900 

twR (ns) 


V CC = 5V 
Vref=5V 

Ta = 25°C 

ti 

t\ 

= 500 ns 

VR = 600 ns 

1 











300 400 500 600 700 800 900 

tRD (ns) 



V CC =5V 

Vref=5V 

T a = 25°C 


t 

t 

wr = 600 ns 
id = 600 ns 

l 














300 400 500 600 700 800 900 
tp (ns) 


Accuracy vs Vr EF 

[Vref = Vr EF ( + )-Vr EF <-)] 



0 1 2 3 4 5 

Vref (V) 


t|, Internal Time Delay vs 
Temperature 









Vcc = 4.75V 

Vcc = ' 

V 

iV 


Vcc = 

>.25V 







T o 1 * 1 1 1 1 

~ -100 -50 0 50 100 150 

Ta-AMBIENT TEMPERATURE (°C) 


Output Current vs 
Temperature 



1 1 1 

Vcc = 5V 

1 1 

□ 


_ ISOURCE Vqut = 2.4V 


- 

■ 

' 1 

- 


1^1 
(sink Vout = 
1 


- 







-100 -50 0 50 100 150 

Ta-AMBIENT TEMPERATURE (°C) 

TL/H/5501-11 


3-96 



Description of Pin Functions 

Pin Name Function 

1 Vin Analog input; range =GND^V|n^Vcc 

2 DBO TRI-STATE data output — bit 0 (LSB) 

3 DB1 TRI-STATE data output — bit 1 

4 DB2 TRI-STATE data output— bit 2 

5 DB3 TRI-STATE data output — bit 3 

6 WR/RDY WR-RD Mode 

WR: With CS low, the conversion is start- 
ed on the falling edge of WR. Approxi- 
mately 800 ns (the preset internal time 
out, t|) after the WR rising edge, the result 
of the conversion will be strobed into the 
output latch, provided that RD does not 
occur prior to this time out (see Figures 
3a and 3b). 

RD Mode 

RDY: This is an open drain output (no in- 
ternal pull-up device). RDY will go low af- 
ter the falling edge of CS; RDY will go 
TRI-STATE when the result of the conver- 
sion is strobed into the output latch. It is 
used to simplify the interface to a micro- 
processor system (see Figure 2). 

7 Mode Mode: Mode selection input — it is inter- 

nally tied to GND through a 50 jllA current 
source. 

RD Mode: When mode is low 
WR-RD Mode: When mode is high 

8 RD WR-RD Mode 

With CS low, the TRI-STATE data outputs 
(DB0-DB7) will be activated when RD 
goes low (see Figure 4 ). TO can also be 
used to increase the speed of the con- 
verter by reading data prior to the preset 
internal time out (t|, —800 ns). If this is 
done, the data result transferred to output 
latch is latched after the falling edge of 
the RD (see Figures 3a and 3b). 

RD Mode 

Wit h CS low, the conversion will start with 
TO going low, also RD will enable the 
TRI-STATE data outputs at the comple- 
tion of the conversion. RDY going TRI- 
STATE and INT going low indicates the 
completion of the conversion (see Figure 
2 ). 

1.0 Functional Description 

1.1 GENERAL OPERATION 

The ADC0820 uses two 4-bit flash A/D converters to make 
an 8-bit measurement {Figure 1). Each flash ADC is made 
up of 1 5 comparators which compare the unknown input to 
a reference ladder to get a 4-bit result. To take a full 8-bit 
reading, one flash conversion is done to provide the 4 most 
significant data bits (via the MS flash ADC). Driven by the 4 
MSBs, an internal DAC recreates an analog approximation 
of the input voltage. This analog signal is then subtracted 
from the input, and the difference voltage is converted by a 
second 4-bit flash ADC (the LS ADC), providing the 4 least 
significant bits of the output data word. 


Pin Name 


Function 


9 


10 

11 


12 

13 

14 

15 

16 

17 

18 


19 

20 


INT 


GND 

Vref(-) 


v ref(+) 

CS 

DB4 

DB5 

DB6 

DB7 

OFL 


NC 

Vcc 


WR-RD Mode 

INT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. fiTF will go low, — 800 ns 
(the preset internal time out, t|) after the 
rising edge of WR (see Figure 3b)\ or TNT 
will go low after the falling edge of RD, if 
RD goes low prior to the 800 ns time out 
(see Figure 3a). INT is reset by the rising 
edge of RD or CS (see Figures 3a and 
3b). 

RD Mode 

INT going low indicates that the conver- 
sion is completed and the data result is in 
the output latch. IFTT is reset by the rising 
edge of RD or CS (see Figure 2). 

Ground 

The bottom of resistor ladder, voltage 
range: GND^Vref( - )^Vref( + ) (Note 
5) 

The top of resistor ladder, voltage range: 

Vref(~)^Vref(+)^Vcc (Note 5) 

CS must be low in order for the RD or WR 
to be recognized by the converter. 
TRI-STATE data output — bit 4 
TRI-STATE data output— bit 5 
TRI-STATE data output— bit 6 
TRI-STATE data output— bit 7 (MSB) 
Overflow output — If the analog input is 
higher than the Vref( + ). OFL will be low 
at the end of conversion. It can be used to 
cascade 2 or more devices to have more 
resolution (9, 1 0-bit). This output is always 
active and does not go into TRI-STATE 
as DB0-DB7 do. 

No connection 
Power supply voltage 


The internal DAC is actually a subsection of the MS flash 
converter. This is accomplished by using the same resistor 
ladder for the A/D as well as for generating the DAC signal. 
The DAC output is actually the tap on the resistor ladder 
which most closely approximates the analog input. In addi- 
tion, the "sampled-data” comparators used in the ADC0820 
provide the ability to compare the magnitudes of several 
analog signals simultaneously, without using input summing 
amplifiers. This is especially useful in the LS flash ADC, 
where the signal to be converted is an analog difference. 
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1.0 Functional Description (Continued) 

1.2 THE SAMPLED-DATA COMPARATOR 


Each comparator in the ADC0820 consists of a CMOS in- 
verter with a capacitively coupled input (< Figure 5). Analog 
switches connect the two comparator inputs to the input 
capacitor (C) and also connect the inverter’s input and out- 
put. This device in effect now has one differential input pair. 
A comparison requires two cycles, one for zeroing the com- 
parator, and another for making the comparison. 


In the first cycle, one input switch and the inverter’s feed- 
back switch (i Figure 5a) are closed. In this interval, C is 
charged to the connected input (VI) less the inverter’s bias 
voltage (Vb, approximately 1.2V). In the second cycle {Fig- 
ure 5b), these two switches are opened and the other (V2) 
input’s switch is closed. The input capacitor now subtracts 
its stored voltage from the second input and the difference 
is amplified by the inverter’s open loop gain. The inverter’s 
input (Vb') becomes 


V b -(V1-V2) 


C 

c+Cs 


and the output will go high or low depending on the sign of 

v B '-v B . 



TL/H/5501-12 

• V 0 = v B 

• VonC = VI -V B 

• Cs = stray input 
node capacitor 

• V B = inverter input 
bias voltage 


FIGURE 5a. Zeroing Phase 


The actual circuitry used in the ADC0820 is a simple but 
important expansion of the basic comparator described 
above. By adding a second capacitor and another set of 
switches to the input {Figure 6), the scheme can be expand- 
ed to make dual differential comparisons. In this circuit, the 
feedback switch and one input switch on each capacitor (Z 
switches) are closed in the zeroing cycle. A comparison is 
then made by connecting the second input on each capaci- 
tor and opening all of the other switches (S switches). The 
change in voltage at the inverter’s input, as a result of the 
change in charge on each input capacitor, will now depend 
on both input signal differences. 

1.3 ARCHITECTURE 

In the ADC0820, one bank of 15 comparators is used in 
each 4-bit flash A/D converter {Figure 7). The MS (most 
significant) flash ADC also has one additional comparator to 
detect input overrange. These two sets of comparators op- 
erate alternately, with one group in its zeroing cycle while 
the other is comparing. 



TL/H/5501-13 


•Vb'-Vb = (V2-V1) 


•Vo' : 


-A 


c+Cs 

c + Cs [CV2 - CV11 
•Vo' is dependent on V2-V1 


FIGURE 5b. Compare Phase 


FIGURE 5. Sampled-Data Comparator 



Vo = cf+ c i+ c s [ C1 < V2 - V1 > +C2 < V4 - V3 >! 


-A 

C1+C2 + C s 


[AQci + AQc2l 


FIGURE 6. ADC0820 Comparator (from MS Flash ADC) 
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1.0 Functional Description (Continued) 

When a typical conversion is started, the WR line is brought 
low. At this instant the MS comparators go from zeroing to 
comparison mode {Figure 8). When WR is returned high af- 
ter at least 600 ns, the output from the first set of compara- 
tors (the first flash) is decoded and latched. At this point the 
two 4-bit converters change modes and the LS (least signifi- 
cant) flash A DC enters its compare cycle. No less than 600 
ns later, the RD line may be pulled low to latch the lower 4 
data bits and finish the 8-bit conversion. When RD goes low, 
the flash A/Ds change state once again in preparation for 
the next conversion. 

Figure 8 also outlines how the converter’s interface timing 
relates to its analog input (Vin). In WR-RD mode, V|n is 
measured while WR is low. In RD mode, sampling occurs 
during the first 800 ns of RD. Because of the input connec- 
tions to the ADC0820’s LS and MS comparators, the con- 
verter has the ability to sample Vin at one instant (Section 
2.4), despite the fact that two separate 4-bit conversions are 
being done. More specifically, when WR is low the MS flash 
is in compare mode (connected to Vin), and the LS flash is 
in zero mode (also connected to Vin). Therefore both flash 
ADCs sample Vin at the same time. 

1.4 DIGITAL INTERFACE 

The ADC0820 has two basic interface modes which are se- 
lected by strapping the MODE pin high or low. 

RD Mode 

With the MODE pin grounded, the converter is set to Read 
mode. In this_ configuration, a complete conversion is done 
by pulling RD low until output data appears. An INT line is 
provided which goes low at the end of the conversion as 
well as a RDY output which can be used to signal a proces- 
sor that the converter is busy or can also serve as a system 
Transfer Acknowledge signal. 

RD Mode (Pin 7 is Low) 

»"a 

\ / vT 

rdy \ f 

w \ / 


080-0B7 


TL/H/5501-16 


WR then RD Mode 

With the MODE pin tied high, the A/D will be set up for the 
WR-RD mode. Here, a conversion is started with the WR 
input; however, there are two options for reading the output 
data which relate to interface timing. If an interrupt driven 
scheme is desired, the user can wait for INT t o go low be- 
fore reading the conversion result {Figure B). INT will typi- 
cally go low 800 ns after WR’s rising edge. However, if a 
shorter conversion time is desired, the processor need not 
wait for INT and can exercise a read after only 600 ns {Fig- 
ure A). If this is done, INT will immediately go low and data 
will appear at the outputs. 

/_ 

_ \ j / 

\ / 


\ r 



TL/H/5501 -17 

FIGURE A. WR-RD Mode (Pin 7 Is High and t RD <t|) 

d dd\___d 

WB \ / 


\ r~ 


\ r 



TL/H/5501 -18 

FIGURE B. WR-RD Mode (Pin 7 is High and t RD >t|) 
Stand-Alone 

For stand-alone operation in WR-RD mode, CS and RD can 
be tied low and a conversion can be started with WR. Data 
will be valid approximately 800 ns following WR’s rising 
edge. 

WR-RD Mode (Pin 7 is High) Stand-Alone Operation 


When in RD mode, the comparator phases are internally 
triggered. At the falling edge of RD, the MS flash converter 
goes from zero to compare mode and the LS ADC’s com- 
parators enter their zero cycle. After 800 ns, data from the 
MS flash is latched and the LS flash ADC enters compare 
mode. Following another 800 ns, the lower 4 bits are recov- 
ered. 


CS LOW 
RE LOW 



INT 


OBO-OB7 


j — \ r 

> — CZD- 

TL/H/5501 -19 
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1.0 Functional Description (Continued) 



TL/H/5501-20 


Note: MS means most significant 
LS means least significant 

FIGURE 8. Operating Sequence (WR-RD Mode) 


OTHER INTERFACE CONSIDERATIONS 

In order to maintain conversion accuracy, WR has a maxi- 
mum width spec of 50 jus. When the MS flash ADC’s sam- 
pled-data comparators (Section 1.2) are in comparison 
mode (WR is low), the input capacitors (C, Figure 6) must 
hold their charge. Switch leakage and inverter bias current 
can cause errors if the comparator is left in this phase for 
too long. 

Since the MS flash ADC enters its zeroing phase at the end 
of a conversion (Section 1.3), a new conversion cannot be 
started until this phase is complete. The minimum spec for 
this time (tp, Figures 2, 3a, 3b, and 4) is 500 ns. 

2.0 Analog Considerations 

2.1 REFERENCE AND INPUT 

The two Vref inputs of the ADC0820 are fully differential 
and define the zero to full-scale input range of the A to D 
converter. This allows the designer to easily vary the span 
of the analog input since this range will be equivalent to the 
voltage difference between V|n(+) and V|n(-). By reducing 

Vref(Vref = Vref( + ) _v REf( - )) t0 less than 5V - the sen ‘ 

sitivity of the converter can be increased (i.e., if Vref = 2V 
then 1 LSB = 7.8 mV). The input/reference arrangement 
also facilitates ratiometric operation and in many cases the 
chip power supply can be used for transducer power as well 
as the Vref source. 

This reference flexibility lets the input span not only be var- 
ied but also offset from zero. The voltage at Vref( _ ) sets 
the input level which produces a digital output of all zeroes. 
Though V|n is not itself differential, the reference design 
affords nearly differential-input capability for most measure- 
ment applications. Figure 9 shows some of the configura- 
tions that are possible. 


2.2 INPUT CURRENT 

Due to the unique conversion techniques employed by the 
ADC0820, the analog input behaves somewhat differently 
than in conventional devices. The A/D’s sampled-data com- 
parators take varying amounts of input current depending 
on which cycle the conversion is in. 

The equivalent input circuit of the ADC0820 is shown in 
Figure 10a. When a conversion starts (WR low, WR-RD 
mode), all input switches close, connecting Vin to thirty-one 
1 pF capacitors. Although the two 4-bit flash circuits are not 
both in their compare cycle at the same time, Vin still sees 
all input capacitors at once. This is because the MS flash 
converter is connected to the input during its compare inter- 
val and the LS flash is connected to the input during its 
zeroing phase (Section 1.3). In other words, the LS ADC 
uses Vin as its zero-phase input. 

The input capacitors must charge to the input voltage 
through the on resistance of the analog switches (about 5 
kn to 10 kfl). In addition, about 12 pF of input stray capaci- 
tance must also be charged. For large source resistances, 
the analog input can be modeled as an RC network as 
shown in Figure 10b. As R$ increases, it will take longer for 
the input capacitance to charge. 

In RD mode, the input switches are closed for approximately 
800 ns at the start of the conversion. In WR-RD mode, the 
time that the switches are closed to allow this charging is 
the time that WR is low. Since other factors force this time 
to be at least 600 ns, input time constants of 100 ns can be 
accommodated without special consideration. Typical total 
input capacitance values of 45 pF allow Rg to be 1.5 kn 
without lengthening WR to give Vin more time to settle. 
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2.0 Analog Considerations (Continued) 


External Reference 2.5V Full-Scale 



Power Supply as Reference 


Vin M 

IN + 

VinM— -J-— 

GND 

5V 

REF( + | 

JT 

REF(-) 


TL/H/5501 -22 


FIGURE 9. Analog Input Options 


Input Not Referred to GND 



still exist from V|n(-) 
to ground 

TL/H/5501 -23 



TL/H/5501 -24 

FIGURE 10a 


FIGURE 10b 


2.3 INPUT FILTERING 

It should be made clear that transients in the analog input 
signal, caused by charging current flowing into Vin, will not 
degrade the A/D’s performance in most cases. In effect the 
ADC0820 does not “look” at the input when these tran- 
sients _occur. The comparators’ outputs are not latched 
while WR is low, so at least 600 ns will be provided to 
charge the ADC’s input capacitance. It is therefore not nec- 
essary to filter out these transients by putting an external 
cap on the Vin terminal. 

2.4 INHERENT SAMPLE-HOLD 

Another benefit of the ADC0820’s input mechanism is its 
ability to measure a variety of high speed signals without the 
help of an external sample-and-hold. In a conventional SAR 
type converter, regardless of its speed, the input must re- 
main at least y 2 LSB stable throughout the conversion pro- 
cess if full accuracy is to be maintained. Consequently, for 
many high speed signals, this signal must be externally 
sampled, and held stationary during the conversion. 


Sampled-data comparators, by nature of their input switch- 
ing, already accomplish this function to a large degree (Sec- 
tion 1.2). Although the conversion time for the ADC0820 is 

1 .5 jlls, the time through which Vjn must be 1 /2 LSB stable 
is much smaller. Since the MS flash ADC uses Vin as its 
“compare” input and the LS ADC uses V|n as its “zero” 
input, the ADC0820 only “samples” Vin when WR is low 
(Sections 1.3 and 2.2). Even though the two flashes are not 
done simultaneously, the analog signal is measured at one 
instant. The v alue of Vin approximately 100 ns after the 
rising edge of WR (100 ns due to internal logic prop delay) 
will be the measured value. 

Input signals with slew rates typically below 100 mV/jas can 
be converted without error. However, because of the input 
time constants, and charge injection through the opened 
comparator input switches, faster signals may cause errors. 
Still, the ADC0820’s loss in accuracy for a given increase in 
signal slope is far less than what would be witnessed in a 
conventional successive approximation device. An SAR 
type converter with a conversion time as fast as 1 jas would 
still not be able to measure a 5V 1 kHz sine wave without 
the aid of an external sample-and-hold. The ADC0820, with 
no such help, can typically measure 5V, 7 kHz waveforms. 
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3.0 Typical Applications 


8-Bit Resolution Configuration 
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Telecom A/D Converter 
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Multiple Input Channels 
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• V|n = 3 kHz max ± 4Vp 
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• Low power consumption 
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3.0 Typical Applications (Continued) 
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Ordering Information 


Part Number 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0820BD 


D20A — Cavity DIP 

— 55°Cto +125°C 

ADC0820BCD 


D20A — Cavity DIP 

— 40°C to +80°C 

ADC0820BCV 

±y 2 LSB 

V20A— Molded Chip 

Carrier 

0°C to +70°C 

ADC0820BCM 


M20B— Wide Body Small 
Outline 

0°Cto +70°C 

ADC0820BCN 


N20A— Molded DIP 

0°C to +70°C 

ADC0820CJ 


J20A— Cerdip 

— 55°C to + 1 25°C 

ADC0820CCJ 


J20A— Cerdip 

— 40°C to +85°C 

ADC0820CCV 

±1 LSB 

V20A— Molded Chip 

Carrier 

0°C to +70°C 

ADC0820CCM 


MJ20B— Wide Body Small 
Outline 

0°C to + 70°C 

ADC0820CCN 


N20A— Molded DIP 

0°C to + 70°C 
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ADC0829 jLtP Compatible 8-Bit A/D 
with 11-Channel MUX/Digital Input 


General Description 

The ADC0829 is an 8-bit successive approximation A/D 
converter with an 11 -channel multiplexer of which six can 
be used as digital inputs, as well as, analog inputs. 

This A/D is designed to operate from the jaP data bus using 
a single 5V supply. 

Channel selection, conversion control, software configura- 
tion and bus interface logic are all contained on this mono- 
lithic CMOS device. 

This device contains three 16-bit registers which are ac- 
cessed via double byte instructions. The control register is a 
write only register which controls the start of a new conver- 
sion, selects the channel to be converted, configures the 8- 
bit I/O port as input or output, and provides information for 
the 8-bit output register. 

The conversion results register is a read only register which 
contains the current status and most recent conversion re- 
sults. The discrete input register is also a read only register 
which contains the four address bits of the selected chan- 
nel, and the six discrete inputs which are connected to the 
analog multiplexer. 


Features 

■ Easy interface to all microprocessors or operates 
“stand alone” 

■ Operates ratiometrically or with analog span adjusted 
voltage reference 

■ 11 -Channel multiplexer with latched control logic of 
which six can be used as digital inputs 

■ 0 to 5V analog input range with single 5V supply 

■ TTL/MOS input/output compatible 

■ No zero or full scale adjusts required 

■ Standard 28-pin DIP 

■ Temperature range -40°C to +85°C 


Key Specification 

■ Resolution 

■ Total Unadjusted Error 

■ Conversion Time 

■ Single Supply 

■ Low Power 


8 Bits 

±y 2 LSB and ±1 LSB 
256 /as 
5Vdc 
50 mW 


Connection and Block Diagrams 


AGND — 

1 

KJ 

28 

— Vref(CHI) 

GND — 

2 

27 

“V CC 

DB7- 

3 

26 

-CHO 

DB6- 

4 

25 

— CH2 

DB5- 

5 

24 

— CH3 

DB4- 

6 

23 

— CH4 

DB3- 

7 

22 

— CH5 

DB2 — 

8 

21 

— P0(CH10) 

DB1- 

g 

20 

— PI (CH1 1) 

DBO — 

10 

19 

— P2 (CH8) 

R/W- 

11 

18 

— P3 (CH9) 

0 2 CLOCK — 

12 

17 

— P4(CH6) 

RSI — 

13 

16 

— P5 (CH7) 

CS- 

14 

15 

— RESET 


Vref 


CHO, 11 11 



U 


■ I 


Top View 

Ordering Information 


8-BIT A/D 

SUCCESSIVE 

APPROXIMATION 

■ 

1 

■ 

EOC 

ANALOG 

DATA 

■ 

REGI 

(READ 

STER 

ONLY) 




DIGITAL 

DATA 

H 

m 

A0-A3 

CONTROL 
REGISTER 
(WRITE ONLY) 

REGISTER 
(READ ONLY) 

m 

| 

■ 


T- 


-A* 


Error 

± 1/2 Bit Unadjusted 

ADC0829BCN 

± 1 Bit Unadjusted 

ADC0829CCN 

Package Outline 

N28B 


BUS 

CONTROL 

LOGIC 


DB0-DB7 

— R/W 

— CS 

— RSI 

— RESET 

— 02 

TL/H/5508-2 
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Absolute Maximum Ratings (Notes i and 2 ) 

If Military/ Aerospace specified devices are required, Package Dissipation 

contact the National Semiconductor Sales Office/ at Ta = 25°C (Board Mount) 875 mW 

Distributors for availability and specifications. Lead Temp . (Soldering, 1 0 seconds) 260°C 

Supply Voltage, V C c (Note 3) 6.5V ESD Susceptability (Note 8) 2000V 

Voltage input Current Per Pin ±5mA 

Logic Inputs -0.3V to V C c + 0.3V Package +20 mA 

Analog Inputs -0.3V to Vcc + 0.3V 

Storage Temperature -65'C to + 150°C Operating Conditions (Notes 1 and 2) 

Supply Voltage, Vcc 4.75 V DC t0 5.5 V DC 

Temperature Range -40°Cto + 85°C 

Converter and Multiplexer Electrical Characteristics v C c=5v DC =v REF (+). v ref (->=gnd, 

SCLK c |)2 = 1.048 MHz, -40°C <■ T& + 85°C unless otherwise noted. 

Parameter 

Conditions 

Min 

Typ 

(Notes) 

Max 

Units 

Total Unadjusted Error; (Note 3) 
ADC0829BCN 

ADC0829CCN 

Vref Forced to 5.000 Vqq 

Vref Forced to 5.000 Vqq 



±y 2 

±1 

LSB 

LSB 

Reference Input Resistance 


1.0 

4.5 


k Ct 

Analog Input Voltage Range 

(Note 4) V( + ) or V(— ) 

GND-0.10 


vcc+ 0.10 

V 

Vref(+) Voltage, Top of Ladder 

Measured at REF(+) 


Vcc 

Vcc+o .01 

V 

V REF (+) + 2 V ref( - V oltage, 

Center of Ladder 


Vcc/2-0-1 

VcC /2 

VcC /2 + 0 - 01 

V 

V R ef(-) Voltage, 

Bottom of Ladder 

Measured at REF(-) 

-0.1 

0 


V 

Iqff, Channel 

Leakage Current (Note 6) 

ON Channel = 5V 

OFF Channel = 0V 

ADC0829BCN 



±400 

nA 

ADC0829CCN 



±1 

juA 

Iqn, O n Channel 

Leakage Current (Note 6) 

ON Channel = 0V 

OFF Channel = 5V 

ADC0829BCN 



±400 

nA 

ADC0829CCN 



±1 

jliA 

AC Characteristics Vcc = Vref( + ) = 5V, t r = tf = 20 ns and Ta = 25°C (Note 7) unless otherwise noted. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

tCYC^). <f>2 Clock Cycle Time (1 /f^) 


0.943 


10.0 

jus 

PW h (<M. $2 Clock Pulse Width, High 


440 



ns 

PW L (cf> 2 ), (f >2 Clock Pulse Width, Low 


410 



ns 

W 2 ). <f>2 Rise Time 




25 

ns 

tf(4 ) 2)» <f > 2 Fall Time 




30 

ns 

tAs. Address Set Up Time 

RSI , R/W, CS 

145 



ns 

tDDR, Data Delay (Read) 

DB0-DB7 



335 

ns 

tDSW, Data Delay Setup (Write) 

DB0-DB7 

185 



ns 

tAH. Address Hold Time 

RSI, R/W, CE 

20 



ns 

tDHW> Input Data Hold Time 

DB0-DB7 

20 



ns 

tDHR. Output Data Hold Time 

DB0-DB7 

10 



ns 

Analog Channel Settling Time 


32 



Clocks 

t c , Conversion Time 


256 
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Digital and DC Characteristics v cc =4.5vto5.5vand -4 o»c<;t a <;85«c unless c 


Parameter 


Conditions 


Bus Control Inputs (R/W, ENABLE RESET, RSI, CS) and Peripheral Inputs (P0-P5) 


V|n( 1 ), Logical “1” Input Voltage 


Vin(O), Logical “0” Input Voltage 


I|N, Input Leakage Current 


(f>2 CLOCK INPUT 


Vin(I), Logical“1” Input Voltage Vcc~0-8 


V|n( 0), Logical “0” Input Voltage 
Data Bus (DB0-DB7) 


V|n( 1), Logical "1” Input Voltage 2.0 


V|n( 0), Logical “0” Input Voltage 



VoutO). Logical “1” Output Voltage 


Vout(0). Logical “0” Output Voltage 


Power Supply Requirements 


l0UT=-1-6 mA 


Iout~ 1-6 mA 



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Total unadjusted error includes offset, full-scale, linearity, and multiplexer error. 

Note 4: For V|n( - ) ^ V|n( + ) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog input 
voltages one diode drop below ground or one diode drop greater than Vqc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog inputs 
(5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 1 00 mV forward 
bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 100 mV, the output code will be correct. To 
achieve an absolute 0 Vdc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.90 Vqc over temperature variations, initial tolerance 
and loading. 

Note 5: Typicals are at 25°C and represent most likely parametric norm. 

Note 6: Off channel leakage current is measured after the channel selection. 

Note 7: The temperature coefficient is 0.3%/°C. 

Note 8: Human Body Model, 100 pF discharged through a 1.5 kfi resistor. 


Timing Diagram 
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Pin Descriptions 

ANALOG AND DIGITAL INPUTS 

CHO, CH2-CH5 — These are dedicated analog inputs. They 
are fed directly to the internal 12 to 1 multiplexer which 
feeds the A/D converter. 

P0-P5/CH6-CH11— These 6 pins are dual purpose and may 
be used as either TTL compatible digital inputs, or analog 
inputs. When used as digital inputs they may be read via the 
discrete input register. When they are used as analog inputs 
they function like CH-0, CH2-5. 

MICROPROCESSOR INTERFACE SIGNALS 
DB0-DB7— The bi-directional data lines for the data bus 
connect to the jaP’s main data bus to enable data transfer to 
and from the jllP. DB0-DB7 remain in a high impedance 
state unless the ADC0829 is read. 
cf> 2 Clock — This signal is used for two purposes. First it syn- 
chronizes data transfer in and out of the ADC. Second, it is 
the master clock for the A/D converter logic and all other 
timing signals are derived from it. 

R/W — The read/write pin controls the direction of data 
transfer on D0-D7. 

RESET — A low on this pin forces the ADC0829 into a 
known state. The start bit is cleared, Channel CHO is select- 
ed and the internal byte counter is reset to the MS Byte. The 
A/D data register is not reset. Reset must be held low for at 
least 3 clocks. 

CS — Chip Select must be low in order for data transfer be- 
tween the ADC0829 and the jaP to occur. 

RSI — The Register Select pin is used to address the inter- 
nal registers. 

POWER SUPPLY PINS 

Vcc-This is the positive 5V supply pin. It powers the digital 
load and the sample data comparator. Care should be exer- 
cised to ensure that supply noise on this pin is adequately 
filtered, by using a bypass capacitor from Vqc to Dqnd- 
D GND-“ Di 9ital ground should be connected to the systems 
digital ground. 

Vref and Aqnd — T he positive reference pin attaches to 
the top of the 256R resistor ladder and sets the full scale 
conversion voltage value. The Aqnd connects to the bot- 
tom of the ladder. The conversion result is ratiometric to 
Vref - a gnd and hence both Vref and Aqnd should be 
noise free. Ideally the Vref and Aqnd should be single 
point connected to the analog transducer’s supply. The 
Vref and Aqnd voltages typically are 5V and Ground but 
they may be varied so long as (Vref-AgndK 2 = 
Vcc/2±0.1V. 

Functional Description 

1.0 CONTROL LOGIC 

The Control Logic interprets the microprocessor control sig- 
nals and decodes these signals to perform the actual func- 
tions of selecting, reading, writing, enabling the outputs, etc. 


2.0 STATE DESCRIPTIONS 

There are three internal states within the A/D converter: the 
NO OP state; the sample state; and the converting state. 
The NO OP state is a stable state since the external stimu- 
lus (e.g. start conversion signal) is needed for a state tran- 
sition. 

The first transient state is sampling the input. The first 32 
clocks of the conversion are used for acquiring the channel; 
this settling time allows any transients to decay before con- 
version begins. The second transient state is the actual con- 
version. The conversion is completed in 256 clocks and the 
conversion results register is updated. The converter then 
returns to the stable NO OP state awaiting further instruc- 
tions. 

The device has no comparator bias current and draws mini- 
mal power during the NO OP state. 

3.0 INITIALIZATION 

The device is initialized by an active low on RESET. All out- 
puts are initialized to the inactive state and the converter 
placed in its NO OP state. The data register is not affected 
by RESET. System TRI-STATE outputs are initialized to the 
high impedance state. 

4.0 CONVERSION CONTROL 

The program normally initiates a conversion cycle with a 
double write command. (See control word format.) The con- 
trol word selects a channel, configures the peripheral I/O, 
and provides peripheral data information. The conversion is 
initiated by setting the SC bit in the control word high. 

The converter then resets the start conversion bit and be- 
gins the conversion cycle. 

When the conversion is complete and the new conversion 
results transferred to the data register, the status bit is set. 
The status bit is not reset when the conversion status is 
read. A full double byte write into the c ontrol w ord will reset 
the status bit, or a low level at master RESET. 

If a new conversion command occurs during a conversion, 
the conversion is aborted and a new channel acquisition 
phase will immediately begin. 

5.0 CONTROL STRUCTURE 

The control logic continually monitors the control bus wait- 
ing for CS to go low and <f >2 to go high. When this condition 
occurs, the internal decoder, which has already selected the 
proper function, activitates. 

The byte counter will always select the most significant (MS) 
half first, and the least significant (LS) half second. Single 
byte instructions will always access the MSB portion of any 
word. After a single byte instruction the byte counter will 
return to the MSB portion of a word when CS is high for a 
full clock cycle. A 16-bit read or write is accomplished by 
using a 1 6-bit load or store instruction which transfers each 
byte on consecutive clock cycles. This timing is shown in 
Figure 1. A single byte instruction is especially useful for 
reading the status bit during a polled interrupt. Figure 2 
shows the basic A/D conversion timing sequence and flow. 
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Functional Description (Continued) 

Timing for a Typical jllP 16 Byte Access 



Timing for a Typical jmP 8 Byte Access 



INTERNAL BYTE 
COUNTER IS RESET ' 
TO MS BYTE 


■ruinmmnjmnnnnn 


©START CONVERSION 
© SET SC BIT TO A 1 
© LOAD ADDRESS 

©ANALOG INPUT SETTLING TIME ALLOWS INTERNAL MULTIPLEXER TO SELECT A CHANNEL ANO 
STABILIZE (-32 CLOCKS). 

©A/D CONVERSION TIME (-256 CLOCKS) 

©READ END OF CONVERSION DATA 

© EOC BIT READ IF A 1 CONVERSION COMPLETE. 

® A/D DATA REGISTER READ. IF EOC = t, THEN NEW VALID DATA. 

FIGURE 2. A/D Conversion Timing Sequence 
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Functional Description (Continued) 

6.0 WORD FORMAT 


6.1 Control Register Word Format 


| <- MSB Word — ► LSB WORD 

OB 7 DBg DB 5 DB 4 DB 3 DB 2 DB-) DBq DB 7 DBg DB 5 DB 4 DB 3 DB 2 DB^ DBq 


















X 

X 

X 

X 

X 

X 

X 

(LSB) 

SC 

X 

X 

X 

X 

A3 

CH3 

A2 

CH2 

A1 

CHI 

AO 

CHC 


X: Don’t Care 

SC: Start Conversion 

1 = Start new conversion 
0 = Do not start new conversion 
CH3-CH0: Channel Address 

Hex Value Definition 

0 Select CHO 

1 Select V re f(+) 

2-5 Select Channels CH2-CH5 

6-9 Undefined 

A CH10 

B CH11 

C CH8 

D CH9 

E CH6 

F CH7 


6.2 Conversion Results Register Word Format 


DB 7 
1 

DBg 

< — i 

db 5 

1 j 

flSB 

db 4 

1 | 

Won 

db 3 

db 2 

DBi 

DBg 

db 7 

DBg 

1 j 

<— L 

db 5 

SB V 

db 4 

1 i 

VOR 

db 3 

D-» 

db 2 

1 1 

DB-| 

1 j 

DBq 

1 

H 

dd 

H 


H 

H 

H 

tz 

]eI 

ti] 

[csl 

til 

til 

tit 

tit 

[Co 


S: Status 

1 = Data is valid 

(conversion complete) 
0 = Data is not valid 
C7-C0: 8 bit converted result 


6.3 Discrete Input Word Format 


j <— MSB Word — ► <- LSB WORD — ► 

DB7 DBg DB5 DB4 DB3 DB2 DBf DBg DB7 DBg DB5 DB4 DB3 DB2 DB-j DBq 












1 1 

i i 


i i 



Ifil 

P4 

P3 

P2 

tfll 

PO 

CH3 

CH2 

CHI 

0 

1 
O 

H 


LlI 

H 

LeJ 

Ll 


CH3-CH0: Status of channel address 

P5-P0: Status of P5-P0 interpreted as 

discrete digital inputs 


ADU ADDRESS SELECTION 


cso* 

R/W 

RSI 

Description 

1 

X 

X 

Do not respond 

0 

0 

0 

Write NO OP 

0 

0 

1 

Write Control Word 

0 

1 

0 

Read Conversion Results 

0 

1 

1 

Read Discrete Inputs 


Note: All words are transferred as two 8-bit bytes, MSB transferred first LSB 
transferred second. 


7.0 ANALOG TO DIGITAL CONVERTER 

The ADC0829 A/D Converter is composed of three major 
sections: the successive approximation register (SAR); the 
256R ladder and analog decoder; and the sample-data 
comparator. 

7.1 Successive Approximation 

The analog signal at the A/D input is compared eight times 
to various ladder voltages to determine which of the 256 
voltages in the ladder most closely approximates the input 
voltage. This stochastic technique is accomplished by con- 
verging on the proper tap in the ladder by simple iterative 
convergence. There are nine posting registers in the SAR 
which contain the position of the bit being tested and eight 
latching registers which remember if the comparison was 
high or low. Starting with the MSB and continuing downward 
each bit is set high by the posting register. The analog tree 
decoder selects the corresponding tap in the ladder and the 
A/D input is compared to that voltage. If the comparison is 
positive the latch remains set, so higher voltages in the lad- 
der are checked next. If the comparison is negative the bit is 
reset so lower ladder voltages are sought. 

After all eight comparisons are made, the contents of the 
latching register are transferred to a data register, thus the 
A/D can perform a new conversion while the previous re- 
sults remain available. 


7.2 256R Ladder 

The ladder is a very accurate voltage divider which divides 
the reference voltage into 256 equal steps. Special consid- 
eration was given to the ladder terminations at each end, 
and also the center, to ensure consistent and accurate volt- 
age steps. The use of a 256R ladder guarantees monotonic- 
ity since only a single voltage gradient across the ladder 
exists. Shorted or unequal resistors in the ladder may cause 
non-uniform steps but cannot cause a nonmonotonic re- 
sponse so often fatal in closed loop system applications. 
(See Figure 3) 


CONTROLS 
FROM S.A.R. 



TL/H/5508-6 

FIGURE 3. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

Actually of the 256 resistors in the ladder, 254 have the 
same value while the end point resistors are equal to 1- 
1/2R and 1/2R. This ensures the system output character- 
istic is symmetrical with the zero and full scale points of its 
input to output, or transfer curve. 

The tree decoder routes the 256 voltages from the ladder to 
a single point at the comparator input. This allows compari- 
sons between the A/D input and any voltage the SAR di- 
rects the decoder to route to the comparator. 

Since the ladder is dependent upon only the matching of 
resistors, the voltages it generates are very stable with tem- 
perature and have excellent repeatability and long term drift. 

8.0 MULTIPLEXER 

8.1 Analog Inputs 

The analog multiplexer selects one of 1 1 channels and di- 
rects them to the input of the A/D converter. The multiplex- 
er was designed to minimize the effects of leakage currents 
and multiplexer output capacitance. 

Special input protection is used to prevent damage from 
static voltages or voltages exceeding the specified range 
from -0.3V to Vcc + 0.3 V. However, normal precautions 
are recommended to avoid such situations whenever 
possible. 

8.2 Digital Inputs 

Six of the analog inputs can also be used as digital inputs to 
sense TTL voltage levels. Care must be taken when these 
inputs are interpreted since TTL levels may not always be 
present. 

8.3 A/D Comparator 

Probably the most important section of the A/D converter is 
the comparator since the comparator’s offset voltage and 
stability determine the converter’s ultimate accuracy. The 
low voltage offset of the chopper-stabilized comparator of 
this converter optimizes performance by minimizing temper- 
ature dependent input offset errors as well as drift. 

The dc signal appearing at the amplifier input is converted 
to an ac signal, amplified by an ac amplifier and restored to 
a dc signal. The drift of the comparator is minimized since 


the drift signal is a dc component blocked by the ac amplifier. 
The comparator has very high input impedance to dc volt- 
ages since it looks like a capacitor. Because the comparator 
is chopping the dc voltages at the input, the difference be- 
tween the A/D input voltage and ladder voltage appears on 
the comparator’s input capacitor. The input voltage differ- 
ence, chopping frequency, and comparator input capacitor 
causes a CVF current. The CVF current is a small bias cur- 
rent which will not produce any error when the A/D input is 
connected to a low impedance voltage source. If the volt- 
age source has an output impedance of less than 10k, the 
error is still insignificant since the bias current exponentially 
decays. 

Adding a capacitor to the input of the comparator integrates 
the exponential charging current converting it into dc bias 
current. (See Figure 1.) Two main considerations on the in- 
tegration capacitor are charge sharing with a filter capacitor 
and settling time. 

9.0 BUS INTERFACE 

The ADC0829 communicates to the microprocessor 
through an 8-bit I/O port. The I/O port is composed of a 
TTL to CMOS buffer and a TRI-STATE® output driver. 

The TTL to CMOS Buffer translates the TTL voltage levels 
into CMOS levels very rapidly and is quite stable with supply 
and temperature. The buffer has a small amount of hystere- 
sis (about 100 mV) to improve both noise immunity and in- 
ternal rise and fall times. 

The TRI-STATE bus driver is a bipolar and N-channel pair 
that easily drive the bus capacitance. Since the bus drivers 
collectively can sink or source a quarter of an amp total, a 
non-overlap circuit is used which guarantees that only one 
of the two drive transistors is on at a time. 

Since this output drives the bus capacitance, even the non- 
overlapping circuit cannot prevent noise on Vcc- The 
amount of noise depends on the Vcc current used to 
charge the bus capacitance. 

The external filter capacitor on Vcc provides some of the 
transient current while the bus is being driven. A capacitor 
with good ac characteristics and low series resistance is a 
good choice to prevent Vcc transients from affecting 
accuracy. 


Application Information 


Multiplexer R 0 n vs V !N 



0.0 1.0 2.0 3.0 4.0 5.0 

Vin (V) 


Recommended Supply 



-E> 


SUPPLY 
LINES TO 
OTHER 
0EVICES 


-B> 


TL/H/5508-8 


TL/H/5508-7 

Comparator I|n vs Vin 



0 1.25 2.50 3.75 5.0 

Vin (V) 


TL/H/5508-9 


3 
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ADC083 1 / ADC0832/ ADC0834 and ADC0838 

8-Bit Serial I/O A/D Converters with Multiplexer Options 


General Description 

The ADC0831 series are 8-bit successive approximation 
A/D converters with a serial I/O and configurable input mul- 
tiplexers with up to 8 channels. The serial I/O is configured 
to comply with the NSC MICROWIREtm serial data ex- 
change standard for easy interface to the COPStm family of 
processors, and can interface with standard shift registers 
or /xPs. 

The 2-, 4- or 8-channel multiplexers are software configured 
for single-ended or differential inputs as well as channel as- 
signment. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 8 bits of resolution. 

Features 

■ NSC MICROWIRE compatible— direct interface to 
COPS family processors 

■ Easy interface to all microprocessors, or operates 
“stand-alone” 


■ Operates ratiometrically or with 5 Vqc voltage 
reference 

■ No zero or full-scale adjust required 

■ 2-, 4- or 8-channel multiplexer options with address 
logic 

■ Shunt regulator allows operation with high voltage 
supplies 

■ OV to 5V input range with single 5V power supply 

■ Remote operation with serial digital data link 

■ TTL/MOS input/output compatible 

■ 0.3" standard width, 8-, 14- or 20-pin DIP package 

■ 20 Pin Molded Chip Carrier Package (ADC0838 only) 

Key Specifications 

■ Resolution 8 Bits 

■ Total Unadjusted Error ±y 2 LSB and ±1 LSB 

■ Single Supply 5 Vqc 

■ Low Power 1 5 mW 

■ Conversion Time 32 jus 


Typical Application 


5V 0C 



TL/H/5583-1 
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ADC0831 /ADC0832/ADC0834/ADC0838 


Absolute Maximum Ratings (Notes i & 2) 

If Military /Aerospace specified devices are required, Lead Temperature (Soldering 10 sec.) 

contact the National Semiconductor Sales Office/ Dual-In-Line Package (Plastic) 260°C 

Distributors for availability and specifications. Dual-ln-Line Package (Ceramic) 300°C 

Current into V+ (Note 3) 1 5 mA Molded Chip Carrier Package 

Supply Voltage, Vcc (Note 3) 6.5V Vapor Phase (60 sec.) 215‘C 

ougpyvuuago, o.ov Infrared (15 sec.) 220°C 

Tele inputs -0.3V to V CC + 0.3V ESC Susceptibility (Note 5) 2000V 

Analog Inputs -0.3V to Vcc + 0.3V 

Input Current per Pin (Note 4) ±5mA Operating Ratings (Notes 1 &2) 

Package ± 20 mA Supply Voltage, V C c 4.5 V DC to 6.3 V DC 

Storage Temperature — 65°C to + 150°C Temperature Range Tmin^Ta^Tmax 

Package Dissipation ADC083^2/4/tcj " 55 ° C, ° ^ 

at T a 25°C (Board Mount) 0.8W ADC0831 /2/4/8BCJ -40°C to + 85°C 

ADC0831/2/4/8CCJ 

ADC0831 /2/4/8BCN -0°C to + 70°C 

ADC0838BCV 

ADC0831 /2/4/8CCN 

ADC0838CCV 

Converter and Multiplexer Electrical Characteristics 

The following specifications apply for Vcc = V+ = V RE f = 5V, V REF ^ V CC + 0.1V, Ta = Tj = 25°C, and fcLK = 250 kHz 
unless otherwise specified. Boldface limits apply from Tmin t0 t max- 

Parameter 

Conditions 

BJ, CJ, BCJ and 

CCJ Devices 

BCV, CCV, BCN and 

CCN Devices 

Units 

Typ 

(Note 12) 

Tested 
Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

Typ 

(Note 12) 

Tested 

Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Total Unadjusted Error 
ADC0838BCV 
ADC0831/2/4/8BCN 
ADC0831 /2/4/8BJ 

ADC0831 /2/4/8BCJ 
ADC0838CCV 

ADC0831 /2/4/8CCN 
ADC0831 /2/4/8CJ 

ADC0831 /2/4/8CCJ 

V REF = 5.00 V 
(Note 6) 


±y 2 

±y 2 

±1 

±1 



±Vz 

±y 2 

±i 

±y 2 

±y 2 

±i 

±i 

LSB 

Minimum Reference 

Input Resistance (Note 7) 


3.5 

1.3 


3.5 

1.3 

1.3 

k a 

Maximum Reference 

Input Resistance (Note 7) 


3.5 

5.9 


3.5 

5.4 

5.9 

kn 

Maximum Common-Mode Input 
Range (Note 8) 



V C C +0.05 





V 

Minimum Common-Mode Input 
Range (Note 8) 



GND -0.05 





B 

DC Common-Mode Error 


±Vl6 

±y 4 


±Vl6 

±% 

±% 

LSB 

Change in zero 
error from Vcc = 5 V 
to internal zener 
operation (Note 3) 

1 5 mA into V + 
V CC = N.C. 
Vref = 5V 


i 



1 

1 

LSB 

Vz, internal MIN 

diode breakdown MAX 

(at V+) (Note 3) 

1 5 mA into V + 


6.3 

8.5 



6.3 

8.5 

6.3 

8.5 

V 

Power Supply Sensitivity 

V C c = 5V±5% 

±Vl6 

±% 

±V4 

±Vl6 

±V4 

±y4 

LSB 
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Converter and Multiplexer Electrical Characteristics (continued) 

The following specifications apply for Vqc = V + = 5V, Ta = Tj = 25°C, and fcLK = 250 kHz unless otherwise specified. 

Boldface limits apply from Tmin to Tmax- 

Parameter 

Conditions 

BJy CJ, BCJ and 

CCJ Devices 

BCV, CCV, BCN and 

CCN Devices 

Units 

Typ 

(Note 12) 

Tested 

Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

Typ 

(Note 12) 

Tested 

Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 

Iqff. Off Channel Leakage 
Current (Note 9) 

On Channel = 5V 

Off Channel = 0V 


-0.1 

-1 


-0.2 

-1 

fiA 

On Channel = 0V 

Off Channel = 5V 


+ 0.1 

+ 1 


+ 0.2 

+ 1 

jtxA 

Ion. On Channel Leakage 
Current (Note 9) 

On Channel = 0V 
Off Channel = 5V 


-0.1 

-1 


-0.2 

-1 

fxA 

On Channel = 5V 
Off Channel = 0V 


+ 0.1 

+ 1 


+ 0.2 

+ 1 

fiA 

DIGITAL AND DC CHARACTERISTICS 








V|N(i). Logical “1” Input 

Voltage (Min) 

V CC = 5.25V 


2.0 



2.0 

2.0 

V 

V|N( 0 ). Logical "0” Input 

Voltage (Max) 

Vcc = 4.75 V 


0.8 



0.8 

0.8 

V 

llN(i), Logical “1” Input 

Current (Max) 

V| N = 5.0V 

0.005 

1 


0.005 

1 

1 

juA 

1 IN(0)» Logical “0” Input 

Current (Max) 

V| N = 0V 

-0.005 

-1 


-0.005 

-1 

-1 

fxA 

v OUT(i)> Logical “1” Output 
Voltage (Min) 

Vcc = 4.75 V 
l0UT = “360 juA 
|qut = ~ io j^a 


2.4 

4.5 



2.4 

4.5 

2.4 

4.5 

V 

V 

V OUT( 0 )> Logical “0” Output 
Voltage (Max) 

V CC = 4.75 V 
•out = 1.6 mA 


0.4 



0.4 

4.0 

V 

Iout> TRI-STATE Output 

Current (Max) 

VoUT = 0V 

VoUT = 5V 

-0.1 

0.1 

-3 

3 


-0.1 

0.1 

-3 

+ 3 

-3 

+ 3 

< < 
=L 3. 

Isource. Output Source 

Current (Min) 

VoUT = 0V 

-14 

-6.5 


-14 

-7.5 

-6.5 

mA 

•sink. Output Sink Current (Min) 

Vout=Vcc 

16 

8.0 


16 

9.0 

8.0 

mA 

Icc. Supply Current (Max) 
ADC0831, ADC0834, 
ADC0838 


0.9 

2.5 


0.9 

2.5 

2.5 

mA 

ADC0832 

Includes Ladder 
Current 

2.3 

6.5 


2.3 

6.5 

6.5 

mA 
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AC Characteristics 

The following specifications apply for Vcc = 5V, t r = tf = 20 ns and 25°C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 12) 

Tested 

Limit 
(Note 13) 

Design 
Limit 
(Note 14) 

Limit 

Units 

fcLK. Clock Frequency 

Min 

Max 



10 


kHz 

kHz 

tc, Conversion Time 

Not including MUX Addressing Time 


8 


1/fcLK 

Clock Duty Cycle 

Min 




40 

% 

(Note 10) 

Max 




60 

% 

tsET-UP> CS Falling Edge or 

Data Input Valid to CLK 

Rising Edge 




250 

ns 

tnoLD. Data Input Valid 
after CLK Rising Edge 




90 

ns 

tpdi» tpdo — CLK Falling 


C L =100 pF 





Edge to Output Data Valid 


Data MSB First 

650 


1500 

ns 

(Note 11) 


Data LSB First 

250 


600 

ns 

tiH.toH— Rising Edge of 


Ci_ = 10 pF, R L = 10k 

125 


250 

ns 

CS to Data Output and 


(see TRI-STATE® Test Circuits) 





SARS Hi-Z 


C L =100 pf, R L = 2k 


500 


ns 

C|n, Capacitance of Logic 

Input 


5 



PF 

Cout» Capacitance of Logic 

Outputs 


5 



PF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the ground plugs. 

Note 3: Internal zener diodes (6.3 to 8.5V) are connected from V + to GND and Vcc to GND. The zener at V + can operate as a shunt regulator and is connected 
to Vcc via a conventional diode. Since the zener voltage equals the A/D’s breakdown voltage, the diode insures that Vcc will be below breakdown when the device 
is powered from V + . Functionality is therefore guaranteed for V+ operation even though the resultant voltage at Vcc may exceed the specified Absolute Max of 
6.5V. It is recommended that a resistor be used to limit the max current into V+. (See Figure 3 in Functional Description Section 6.0) 

Note 4: When the input voltage (Vin) at any pin exceeds the power supply rails (V|n < V~ or Vin > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 5: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 6: Total unadjusted error includes offset, full-scale, linearity, and multiplexer errors. 

Note 7: Cannot be tested for ADC0832. 

Note 8: For V|n(-)^V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog Vin or Vref does not exceed the supply voltage by more than 50 mV, the 
output code will be correct. To achieve an absolute 0 Vcc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vcc over 
temperature variations, initial tolerance and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of 
these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 1 ju,s. The maximum time the clock can be high is 60 /as. The 
clock can be stopped when low so long as the analog input voltage remains stable. 

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 
allow for comparator response time. 

Note 12: Typicals are at 25°C and represent most likely parametric norm. 

Note 13: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 14: Guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 
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POWER SUPPLY CURRENT (mA) LINEARITY ERROR (LSB) OFFSET ERROR ( LSBs 


Typical Performance Characteristics 


Unadjusted Offset Error 
vs Vref Voltage 


Linearity Error vs Vref 
Voltage 


Linearity Error vs 
Temperature 








TRI-STATE Test Circuits and Waveforms 




DO AND 
SARS OUTPUTS 



DO AND 
SARS OUTPUTS 


Timing Diagrams 


Data Input Timing 



Data Output Timing 






ADC0831 Start Conversion Timing 




Timing Diagrams (Continued) 


ADC0831 Timing 


1 2 3 4 5 6 7 8 9 10 11 


•jiRjifuiRnmuuuinnrL 


CHIP SELECT (CS) 


7 6 5 4 3 2 1 0 

(MSB) (LSB) 


*LSB first output not available on ADC0831 . 


ADC0832 Timing 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


CHIP SELECT (CS) I ADDRESS MUX 


START 

BIT ODD/SIGN 


SDON’T CARE (01 DISABLED UNTIL NEXT CONVERSION CYCLEJg 


765432101234567 
(MSB) (LSB) (MSB) 


MUX SETTLING - 
TIME 


ADC0834 Timing 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 


CHIP SELECT (CS) I ADDRESS MUX 


START 

BIT ODD/SIGN 


SGL/0IF SELECT 

bit i r 


§ DON'T CARE (Dl DISABLED UNTIL NEXT CONVERSION CYCLE)}? 


-A/D CONVERSION IN PROCESS- 


SAR STATUS (SARS) - 


MUX SETTLING_ 
TIME 


765432101234567 
(MSB) (LSB) (MSB) 


TL/H/5583-5 | 
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TO CONTROL 
LSB FIRST 


Timing Diagrams (Continued) 






Some of these functions/pins are not available with other options. 



ADC0838 Functional Block Diagram 
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Connection Diagrams 

ADC0838 8-Channel MUX 
Dual-ln-Llne Package 


— ^ 

1 

z > — 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


COM- 9 12 -V RE 

DGND-10 11 -AGN 

Top View 

ADC0832 2-Channel MUX 
Dual-ln-Llne Package 


Top View 

COM internally connected to GND. 
Vref internally connected to Vcc- 


ADC0834 4-Channel MUX 
Dual-ln-Llne Package 


— C 

i 

•J 

14 

2 

13 

3 

12 

4 

11 

5 

10 

6 

9 

7 

8 


Top View 

COM Internally connected to A GND 


ADC0831 Single Differential Input 
Dual-In-Line Package 


1 

8 

~ v cc( v ref) 

CS- 

1 

8 

2 

7 

— CLK 

V|N«“ 

2 

7 

3 

6 

-DO 

VinH- 

3 

6 

4 

5 

— Dl 

GND — 

4 

5 


Top View 


ADC0838 8-Channel MUX 
Molded Chip Carrier (PCC) Package 



8 

_L 

Q 

_L 

3 

o 

_L 

-SARS 

§ 


18 

17 

16 

15 

14 

19 





13 

20 





12 

1 





11 

2 





10 

3 





9 

N 

4 

5 

6 

7 

8 


T 
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T 
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T 
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o 

5 

5 

5 

5 
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Functional Description 

1.0 MULTIPLEXER ADDRESSING 

The design of these converters utilizes a sample-data com- 
parator structure which provides for a differential analog in- 
put to be converted by a successive approximation routine. 
The actual voltage converted is always the difference be- 
tween an assigned “4-” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned “ + ” input is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended, differential, or a new pseudo-differential op- 
tion which will convert the difference between the voltage at 
any analog input and a common terminal. The analog signal 
conditioning required in transducer-based data acquisition 
systems is significantly simplified with this type of input flexi- 
bility. One converter package can now handle ground refer- 
enced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 


tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan- 
nel pairs. For example channel 0 and channel 1 may be 
selected as a different pair but channel 0 or 1 cannot act 
differentially with any other channel. In addition to selecting 
differential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol- 
lowing tables for the various product options. 

The MUX address is shifted into the converter via the Dl 
line. Because the ADC0831 contains only one differential 
input channel with a fixed polarity assignment, it does not 
require addressing. 

The common input line on the ADC0838 can be used as a 
pseudo-differential input. In this mode, the voltage on this 
pin is treated as the " input for any of the other input 
channels. This voltage does not have to be analog ground; 
it can be any reference potential which is common to all of 
the inputs. This feature is most useful in single-supply appli- 
cation where the analog circuitry may be biased up to a 
potential other than ground and the output signals are all 
referred to this potential. 


o 

o 

o 

00 

CO 


TABLE I. Multiplexer/Package Options 


Part 

Number 

Number of Analog Channels 

Number of 
Package Pins 

Single-Ended 

Differential 

ADC0831 

1 

1 

8 

ADC0832 

2 

1 

8 

ADC0834 

4 

2 

14 

ADC0838 

8 

4 

20 


1 / ADC0832/ ADC0834/ ADC0838 












Functional Description (Continued) 

TABLE II. MUX Addressing: ADC0838 

Single-Ended MUX Mode 



MUX Address 



Analog Single-Ended Channel # 


SGL/ 

DIF 

ODD/ 

SIGN 

SELECT 

1 0 

0 

1 

0 

0 

0 

+ 

1 

0 

0 

1 


1 

0 

1 

0 




Differential MUX Mode 









TABLE III. MUX Addressing: ADC0834 
Single-Ended MUX Mode 


MUX Address 

SGL/ ODD/ SELECT 

DIF SIGN : 


Differential MUX Mode 

MUX Address 


Channel # 

T 

1 



COM is internally tied to A GND 



TABLE IV. MUX Addressing: 
ADC0832 

Single-Ended MUX Mode 


Channel # 


SGL/ ODD/ 
DIF SIGN 


COM is internally tied to A GND 


Differential MUX Mode 


MUX Address 

SGL/ ODp7~ 

DIF SIGN 


Channel # 

1 

0 


+ 1-1 


+ 
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Functional Description (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus- 
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5 V) 
without degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor; transmit- 
ting highly noise immune digital data back to the host proc- 
essor. 


To understand the operation of these converters it is best to 
refer to the Timing Diagrams and Functional Block Diagram 
and to follow a complete conversion sequence. For clarity a 
separate diagram is shown of each device. 

1. A conversion is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire con- 
version. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. A clock is then generated by the processor (if not provid- 
ed continuously) and output to the A/D clock input. 

3. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. The 
start bit is the first logic “1” that appears on this line (all 
leading zeros are ignored). Following the start bit the con- 
verter expects the next 2 to 4 bits to be the MUX assign- 
ment word. 


8 Single-Ended 


8 Pseudo-Differential 



4 Differential 

o. i 

2, 3 

4. 5 

6. 7 


+ (-) 

-( + ) 
+ (-) 

-( + ) 
+ (-) 

-( + ) 
+ M 

-( + ) 



Mixed Mode 



X 


FIGURE 1. Analog Input Multiplexer Options for the ADC0838 


TL/H/5583-9 
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Functional Description (Continued) 

4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of y 2 clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the Dl line is disabled (it no longer accepts 
data). 

5. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com- 
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con- 
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 

7. After 8 clock periods the conversion is completed. The 
SAR status line returns low to indicate this y 2 clock cycle 
later. 

8. If the programmer prefers, the data can be provided in an 
LSB first format [this makes use of the shift enable (SE) 
control line]. All 8 bits of the result are stored in an output 
shift register. On devices which do not include the SE con- 
trol line, the data, LSB first, is automatically shifted out the 
DO line, after the MSB first data stream. The DO line then 
goes low and stays low until CS is returned high. On the 
ADC0838 the SE line is brought out and if held high, the 
value of the LSB remains valid on the DO line. When SE is 
forced low, the data is then clocked out LSB first. The 
ADC0831 is an exception in that its data is only output in 
MSB first format. 

9. All internal registers are cleared when the CS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address information. 


i 



Vcc 


+ ADC0834 Vref 


1 

GNO 


I 


The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. This 
is possible because the Dl input is only “looked-at” during 
the MUX addressing interval while the DO line is still in a 
high impedance state. 

3.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input to these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between Vin(maX) and Vin(min)) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 3.5 kH. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. This volt- 
age is typically the system power supply, so the Vref pin 
can be tied to Vcc (done internally on the ADC0832). This 
technique relaxes the stability requirements of the system 
reference as the analog input and A/D reference move to- 
gether maintaining the same output code for a given input 
condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
The LM385 and LM336 reference diodes are good low cur- 
rent devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals Vref/ 
256). 



TL/H/5583-10 

a) Ratiometric b) Absolute with a Reduced Span 

FIGURE 2. Reference Examples 
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Functional Description (Continued) 


4.0 THE ANALOG INPUTS 


The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the input be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “ + ” and “ — ” inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
“ + ” input and then the “ — ” input is y 2 of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

V error (max)= VpEAK(27rfcM) (^) 

where fcM is the frequency of the common-mode signal, 
Vpeak is its peak voltage value 


and fcLK. is the A/D clock frequency. 

For a 60 Hz common-mode signal to generate a % LSB 
error (~5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed as it exceeds the maximum analog input limits. 


Due to the sampling nature of the analog inputs short spikes 
of current enter the “ + ” input and exit the ” input at the 
clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com- 
parator is strobed at the end of a clock period. Bypass ca- 
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist- 
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kn. 


This source resistance limitation is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst-case leakage current of ± 1 juA over temperature will 
create a 1 mV input error with a 1 kn source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 


5.0 OPTIONAL ADJUSTMENTS 


5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, Vin(miN), is not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|r (— ) input at this Vin(min) value - This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the Vin(-) input and applying a small 
magnitude positive voltage to the V|n(+) input. Zero error is 
the difference between the actual DC input voltage which is 
necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal y 2 LSB value 
(% LSB = 9.8 mV for V REF = 5.000 V DC ). 


5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 y 2 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vrep input (or Vcc for the ADC0832) for a 
digital output code which is just changing from 1111 1 1 1 0 to 
1111 1111. 

5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A Vin ( + ) voltage which 
equals this desired zero reference plus y 2 LSB (where the 
LSB is calculated for the desired analog span, using 
1 LSB= analog span/256) is applied to selected “ + ” input 
and the zero reference voltage at the corresponding “ — ” 
input should then be adjusted to just obtain the OOrex to 
01 hex code transition. 

The full-scale adjustment should be made [with the proper 
V|n( — ) voltage applied] by forcing a voltage to the V|r(+) 
input which is given by: 

V, N (+)fsadi = V MA x-1.5[ (VMAX 256 VMIN) ] 

where: 

Vmax = the high end of the analog input range 
and 

V MIN = the low end (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The Vref (or Vcc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADC0838 and ADC0834 is the inclu- 
sion of a zener diode connected from the V+ terminal to 
ground which also connects to the Vcc terminal (which is 
the actual converter supply) through a silicon diode, as 
shown in Figure 3. (See Note 3) 



Vcc 

ACTUAL 

CONVERTER 

SUPPLY 


TL/H/5583-1 1 

FIGURE 3. An On-Chip Shunt Regulator Diode 


3 
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Functional Description (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 

An important use of the interconnecting diode between V + 
and Vcc is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the Vcc supply for the converter 


Applications 



FIGURE 4. Operating with a Temperature 
Compensated Reference 



FIGURE 6. Generating Vcc from the Converter Clock 


to be derived from the clock. The low current requirements 
of the A/D and the relatively high clock frequencies used 
(typically in the range of 10k-400 kHz) allows using the 
small value filter capacitor shown to keep the ripple on the 
Vcc 1|ne to well under y 4 of an LSB. The shunt zener regula- 
tor can also be used in this mode. This requires a clock 
voltage swing which is in excess of Vz- A current limit for the 
zener is needed, either built into the clock generator or a 
resistor can be used from the CLK pin to the V+ pin. 


12V 



TL/H/5583-34 

FIGURE 5. Using the A/D as 
the System Supply Regulator 



FIGURE 7. Remote Sensing — 
Clock and Power on 1 Wire 
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Applications (Continued) 

Digital Link and Sample Controlling Software for the 
Serially Oriented COP420 and the Bit Programmable I/O INS8048 



TL/H/5583-13 


COP CODING EXAMPLE 8048 CODING EXAMPLE 


Mnemonic 

Instruction 


Mnemonic 

Instruction 

LEI 

ENABLES SIO’s INPUT AND OUTPUT 

START: 

ANL 

PI, #0F7H 

SELECT A/D (CS = 0) 

SC 

C = 1 


MOV 

B, #5 

BIT COUNTER <— 5 

OGI 

G0 = 0 (CS=0) 


MOV 

A, #ADDR 

A <— MUX ADDRESS 

CLR A 

CLEARS ACCUMULATOR 

LOOP 1 : 

RRC 

A 

CY ADDRESS BIT 

AISC1 

LOADS ACCUMULATOR WITH 1 


JC 

ONE 

TEST BIT 

XAS 

EXCHANGES SIO WITH ACCUMULATOR 




BIT=0 


AND STARTS SK CLOCK 

ZERO: 

ANL 

PI, #0FEH 

Dl 0 

LDD 

LOADS MUX ADDRESS FROM RAM 


JMP 

CONT 

CONTINUE 


INTO ACCUMULATOR 




BIT= 1 

NOP 

— 

ONE: 

ORL 

PI, #1 

Dl <— 1 

XAS 

LOADS MUX ADDRESS FROM 

CONT: 

CALL 

PULSE 

PULSE SK 0 — > 1 — * 0 


ACCUMULATOR TO SIO REGISTER 


DJNZ 

B, LOOP 1 

CONTINUE UNTIL DONE 

T 



CALL 

PULSE 

EXTRA CLOCK FOR SYNC 

8 INSTRUCTIONS 


MOV 

B, #8 

BIT COUNTER 8 

i 


LOOP 2: 

CALL 

PULSE 

PULSE SK 0 — > 1 — > 0 

XAS 

READS HIGH ORDER NIBBLE (4 BITS) 


IN 

A, PI 

CY < — DO 


INTO ACCUMULATOR 


RRC 

A 


XIS 

PUTS HIGH ORDER NIBBLE INTO RAM 


RRC 

A 


CLR A 

CLEARS ACCUMULATOR 


MOV 

A, C ; 

A <- RESULT 

RC 

C = 0 


RLC 

A ; 

A(0) <— BIT AND SHIFT 

XAS 

READS LOW ORDER NIBBLE INTO 


MOV 

C, A 

C 4- RESULT 


ACCUMULATOR AND STOPS SK 


DJNZ 

B, LOOP 2 ; 

CONTINUE UNTIL DONE 

XIS 

PUTS LOW ORDER NIBBLE INTO RAM 

RETR 




OGI 

G0 = 1 (CS=1) 




PULSE SUBROUTINE 

LEI 

DISABLES SIO’s INPUT AND OUTPUT 

PULSE: 

ORL 

PI, #04 

SK <— 1 




NOP 


DELAY 




ANL 

PI, #0FBH 

SK<— 0 


RET 
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Applications (Continued) 


A “Stand-Alone” Hook-Up for ADC0838 Evaluation 

MUX ADDRESS 



For all other products tie to 
pin functions as shown. 


Low-Cost Remote Temperature Sensor 

v cc 

(5Vq C I 



TL/H/5583-14 
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TL/H/5583-17 


Controller performs a routine to determine which input polarity (9-bit example) or which channel pair (10-bit example) provides a non-zero output code. 
This information provides the extra bits. 

a) 9-Bit A/D b)10-BitA/D 

Protecting the Input 



TL/H/5583-18 



High Accuracy Comparators 



3 - 
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Applications (Continued) 

Convert 8 Thermocouples with only One Cold-Junction Compensator 



Uses the pseudo-differential mode to keep the differential inputs constant with changes in reference temperature (Tref)- 


Digital Load Cell 

330 



TL/H/5583-19 

• Uses one more wire than load cell itself 

• Two mini-DIPs could be mounted inside load cell for digital output transducer 

• Electronic offset and gain trims relax mechanical specs for gauge factor and offset 

• Low level cell output is converted immediately for high noise immunity 
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Applications (Continued) 


Two Wire 1 -Channel Interface 

0.1 nF 



• Simpler version of 8-channel 

• CS derived from long CLK pulse 


40 kHz 100 ** 

uiru 
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Ordering Information 


Part Number 

Analog Input 
Channels 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0831BJ 

ADC0831BCJ 

ADC0831BCN 

1 

±Vz 

Hermetic (J) 
Hermetic (J) 
Molded (N) 

— 55°C to + 125°C 
— 40°C to +85°C 

0°C to + 70°C 

ADC0831CCJ 

ADC0831CCN 

±1 

Hermetic (J) 
Molded (N) 

— 40°C to +85°C 

0°C to + 70°C 

ADC0832BJ 

ADC0832BCJ 

ADC0832BCN 

2 

±y 2 

Hermetic (J) 
Hermetic (J) 
Molded (N) 

— 55°C to + 1 25°C 
— 40°C to +85°C 

0°C to + 70°C 

ADC0832CCJ 

ADC0832CCN 

±i 

Hermetic (J) 
Molded (N) 

— 40°C to +85°C 

0°C to + 70°C 

ADC0834BJ 

ADC0834BCJ 

ADC0834BCN 

4 

±y 2 

Hermetic (J) 
Hermetic (J) 
Molded (N) 

— 55°Cto + 125°C 
— 40°C to +85°C 

0°C to + 70°C 

ADC0834CCJ 

ADC0834CCN 

±i 

Hermetic (J) 
Molded (N) 

— 40°C to +85°C 

0°C to +70°C 

ADC0838BJ 

ADC0838BCJ 

ADC0838BCV 

ADC0838BCN 

8 

±y 2 

Hermetic (J) 
Hermetic (J) 

PCC (V) 

Molded (N) 

— 55°C to +125°C 
— 40°C to +85°C 

0°C to +70°C 

0°C to + 70°C 

ADC0838CCJ 

ADC0838CCV 

ADC0838CCN 

±i 

Hermetic (J) 

PCC (V) 

Molded (N) 

— 40°C to +85°C 

0°C to + 70°C 

0°C to +70°C 


See NS Package Number J08A, J14A, J20A, N08E, N14A, N20A or V20A 
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ADC0833 


National 

Semiconductor 

Corporation 



ADC0833 8-Bit Serial I/O A/D Converter 
with 4-Channel Multiplexer 


General Description 

The ADC0833 series is an 8-bit successive approximation 
A/D converter with a serial I/O and configurable input multi- 
plexer with 4 channels. The serial I/O is configured to com- 
ply with the NSC MICROWIREtm serial data exchange stan- 
dard for easy interface to the COPStm family of processors, 
as well as with standard shift registers or juPs. 

The 4-channel multiplexer is software configured for single- 
ended or differential inputs when channel assigned by a 4- 
bit serial word. 

The differential analog voltage input allows increasing the 
common-mode rejection and offsetting the analog zero in- 
put voltage value. In addition, the voltage reference input 
can be adjusted to allow encoding any smaller analog volt- 
age span to the full 8 bits of resolution. 

Key Specifications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 

■ Low Power 

■ Conversion Time 


Features 

■ NSC MICROWIRE compatible-direct interface to COPS 
family processors 

■ Easy interface to all microprocessors, or operates 
“stand alone” 

■ Works with 2.5V (LM336) voltage reference 

■ No full-scale or zero adjust required 

■ Differential analog voltage inputs 

■ 4-channel analog multiplexer 

■ Shunt regulator allows operation with high voltage 
supplies 

■ OV to 5V input range with single 5V power supply 

■ Remote operation with serial digital data link 

■ TTL/MOS input/output compatible 

■ 0.3" standard width 14-pin DIP package 


8 Bits 

± y 2 LSB and ± 1 LSB 
5V DC 
23 mW 
32 jus 


Connection and Functional Diagrams 


Dual-In-Line Package 



Order Number ADC0833BCJ, 
ADC0833BJ, ADC0833CJ, 
ADC0833CCJ, ADC0833BCN or 
ADC0833CCN 
See NS Package Number 
J14A or N14A 



REG) 


TL/H/5607-1 
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Absolute Maximum Ratings (Notes i &2> 

If Military/Aerospace specified devices are required, 

Package Dissipation at 


contact the National Semiconductor Sales Office/ 

Ta = 25°C (Board Mount) 

0.8W 

Distributors for availability and specifications. 

Lead Temperature (Soldering, 10 sec. 


Current into V+ (Note 3) 

15 mA 

Dual-ln-Line Package (Plastic) 

260°C 

Supply Voltage, Vcc (Note 3) 

6.5V 

Dual-ln-Line Package (Ceramic) 

300°C 

Voltage 


ESD Susceptibility (Note 5) 

2000V 

Logic Inputs 

-0.3V to V C c + 0.3V 



Analog Inputs 

-0.3 V to V C c + 0.3 V 

Operating Conditions (Notes i & 2) 

Input Current per Pin (Note 4) 

±5 mA 

Supply Voltage, Vcc 

4.5 Vqc to 6.3 Vdc 

Package Input Current (Note 4) 

±20 mA 

Temperature Range 

Tmin^Ta^Tmax 

Storage Temperature 

— 65°C to + 1 50°C 

ADC0833BJ, ADC0833CJ 

-55°C^T a ^125°C 


ADC0833BCJ, ADC0833CCJ 

-40°C^T a ^85°C 



ADC0833BCN, ADC0833CCN 

0°C^T a ^70°C 

Electrical Characteristics The following specifications apply for Vcc = V+ = 5V, fcLK = 

250 kHz and 

Vref/ 2 £ (Vcc + 0.1 V) unless otherwise specified. Boldface limits apply from Tmm t max» all other limits 

T A = Tj = 25°C. 






Tested 

Limit 

(Note 6) ( Note 7) 

Design 

Parameter 

Conditions 

Limit Units 

(Note 8) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 
ADC0833BCN 
ADC0883BJ, BCJ 
ADC0833CCN 
ADC0833CJ, CCJ 


Minimum Total Ladder 
Resistance (Note 9) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Maximum Total Ladder 
Resistance (Note 9) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Minimum Common-Mode 
Input Range (Note 10) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Maximum Common-Mode 
Input Range (Note 10) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


Vref/ 2 Forced to 2.500 Vqq 



±Vz 

±y 2 

LSB 


±y 2 


LSB 


±1 

±1 

LSB 


±1 


LSB 

7.0 

2.6 


k n 

7.0 

2.6 

2.6 

k n 

7.0 

11.8 


kn 

7.0 

10.8 

11.8 

kft 


All MUX Inputs and COM Input 


All MUX Inputs and COM Input 


GND-0.05 

GND-0.05 GND-0.05 


Vce+o.05 


Vcc + 0.05 


DC Common-Mode Error 





ADC0833BCJ/CCJ/BJ/CJ 


±Vl6 

±% 


ADC0833BCN/CCN 


±Vl6 

±Va 

±% 


Change In Zero 
Error From Vcc = 5V 
To Internal Zener 
Operation (Note 3) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


15mA Into V + 
V C c = N.C. 
V ref /2 = 2.500V 



ADC0833 












Electrical Characteristics The following specifications apply for Vcc = V+ = 5V, fcLK = 250 kHz and 
Vref/ 2 ^ (Vcc + 0.1V) unless otherwise specified. Boldface limits apply from tMiN to tMAX» all other limits Ta = Tj = 25°C. 
(Continued) 



CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 


Vz, Minimum Internal 1 5mA Into V + 

Diode Breakdown 
(At V + ) (Note 3) 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 



Ion. O n Channel Leakage 
Current (Note 11) 

ADC083BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


On Channel = 0V, Off Channel = 5V 


ADC083BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


DIGITAL AND DC CHARACTERISTICS 



-1 


-200 

-1 

-200 



v iN(i). Logical “1” Input 

Voltage 

V CC = 5.25V 



ADC0833BCJ/CCJ/BJ/CJ 



2.0 

ADC0833BCN/CCN 



2.0 


V|N(0)> Logical “0” Input 
Voltage 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


llN(i), Logical “1” Input 
Current 

ADC0833BCJ/CCJ/BJ/CJ 

ADC0833BCN/CCN 


V C c= 4.75V 


V|N = V C c 
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Electrical Characteristics The following specifications apply for Vcc = V+ = 5V, fcLK = 250 kHz and 

Vref/2 ^ (Vcc + 0.1V) unless otherwise specified. Boldface limits apply from t^iN *max! all other limits Ta = Tj = 25°C. 
(Continued) 




Tested 

Design 


Parameter 

Conditions 

Typ 

Limit 

Limit 

Units 



(Note o) 

(Note 7) 

(Note 8) 


DIGITAL AND DC CHARACTERISTICS (Continued) 

I|N(0). Logical “0” Input 

> 

o 

II 

2 

> 





Current 






ADC0833BCJ/CCJ/BJ/CJ 


-0.005 

-1 


jjlA 

ADC0833BCN/CCN 


-0.005 

-1 

-1 

M A 

v OUT(i). Logical “1” Output 

Vcc = 4.75 V 





Voltage 






ADC0833BCJ/CCJ/BJ/CJ 

Iout= -360jaA 


2.4 


V 

ADC0833BCN/CCN 



2.4 

2.4 

V 

ADC0833BCJ/CCJ/BJ/CJ 

■0UT~ “10/aA 


4.5 


V 

ADC0833BCN/CCN 



4.5 

4.5 

V 

Vqut(O). Logical “0” Output 

■0UT = ”1 -6mA, Vcc = 4.75V 





Voltage 






ADC0833BCJ/CCJ/BJ/CJ 



0.4 


V 

ADC0833BCN/CCN 



0.4 

0.4 

V 

Iout» TRI-STATE Output 






Current (DO, SARS) 






ADC0833BCJ/CCJ/BJ/CJ 

VOUT = 0-4V 

-0.1 

-3 


fxA 

ADC0833BCN/CCN 


-0.1 

-3 

-3 

fxA 

ADC0833BCJ/CCJ/BJ/CJ 

Vout = 5V 

0.1 

3 


mA 

ADC0833BCN/CCN 


0.1 

3 

3 

ju.A 

■source 

Vqut Short to GND 





ADC0833BCJ/CCJ/BJ/CJ 


-14 

-6.5 


mA 

ADC0833BCN/CCN 


-14 

-7.5 

-6.5 

mA 

■sink 

v 0UT Short to Vcc 





ADC0833BCJ/CCJ/BJ/CJ 


16 

8.0 


mA 

ADC0833BCN/CCN 


16 

9.0 

8.0 

mA 

Ice. Supply Current (Note 3) 

Vref / 2 Open Circuit 





ADC0833BCJ/CCJ/BJ/CJ 


0.9 

4.5 


mA 

ADC0833BCN/CCN 


0.9 

4.5 

4.5 

mA 

y 
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AC Electrical Characteristics The following specifications apply for Vcc 

= V+ = 5V and t r = tf = 20 ns 

unless otherwise specified. These limits apply for Ta = Tj = 25°C. 







Typ 

Tested 

Design 


Parameter 

Conditions 

Limit 

Limit 

Units 



(Note 6) 

(Note 7) 

(Note 8) 


fcLK* Clock Frequency Min 



10 


kHz 

Max 





kHz 

Tq, Conversion Time 

Not including MUX Addressing Time 


8 


1/fcLK 

Clock Duty Cycle (Note 1 2) Min 




40 

% 

Max 




60 

% 

tSET-UP. CS Falling Edge or 

Data Input Valid to CLK 

Rising Edge 





ns 

tnoLD. Data Input Valid 
after CLK Rising Edge 




90 

ns 

tpdi > tpdo — CLK Falling 

C L = 100 pF 





Edge to Output Data Valid 

Data MSB First 

650 


1500 

ns 

(Note 13) 

Data LSB First 

250 


600 

ns 

h H. toH — Rising Edge of CS 

C L = 10 pF, R|_ = 10k 



250 

ns 

to Data Output and SARS 

C L = 100 pF, R l = 2k 


500 

500 

ns 

Hi-Z 

(see TRI-STATE Test Circuits) 





C|n, Capacitance of Logic 

Input 


5 



PF 

Cout. Capacitance of Logic 
Outputs 


5 



PF 

1 Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 

the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the ground pins. 





Note 3: Internal zener diodes (approx. 7V) are connected from V + to GND and Vcc to GND. The zener at V+ can operate as a shunt regulator and is connected to 

Vcc via a conventional diode. Since the zener voltage equals the A/D’s breakdown voltage, the diode insures that Vcc will be below breakdown when the device is 
powered from V+. Functionality is therefore guaranteed for V+ operation even though the resultant voltage at Vcc may exceed the specified Absolute Max. of 

6.5V. It is recommended that a resistor be used to limit the max. current into V+ . 





Note 4: When the input voltage (Vin) at any pin exceeds the power supply rails (Vin < V~ or Vin > V+) the absolute value of current at that pin should be limited 
to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 5: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 





Note 8: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. 



j Note 9: See Applications, section 3.0. 






Note 10: For V|n(-)^ V|n(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct— especially at elevated temperatures, and cause errors for analog inputs near full-scale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog Vin or Vref does not exceed the supply voltage by more than 50 mV, the 
output code will be correct. To achieve an absolute 0 Vcc to 5 Vcc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over 

temperature variations, initial tolerance and loading. 

Note 11: Leakage current is measured with the clock not switching. 





Note 12: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of 
these limits, the minimum time the clock is high or the minimum time the clock is low must be at least 1 p.s. The maximum time the clock can be high is 60 jus. The 

clocked can be stopped when low so long as the analog input voltage remains stable. 





Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see Block Diagram) to 

allow for comparator response time. 
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Timing Diagrams 


Data Input Timing 


Data Output Timing 


AA 


cs 


DATA 
IN (01) 




TRI-STATE Test Circuits and Waveforms 


»1H 


*1H» C L = 10 pF 


V CC 





t r = 20 ns 


Leakage Current Test Circuit 


5V 



TL/H/5607-2 





LINEARITY ERROR (LSB) OFFSET ERROR (LSBs) 


Typical Performance Characteristics 


Effect of Unadjusted Offset 
Error vs Vref /2 Voltage 


Vin( + )=v,n(-) = ov 



0.1 1.0 
W 2 (Voc) 


Linearity Error vs 
Vref Voltage 


1.5 










Vcc = 5V 
(950 

0.75 

1 



t a = 2 

:5°C 

0.5 

r 



1 








0.25 






n 







Linearity Error 
vs Temperature 



W2(V) 


“100 -50 0 50 100 150 

TEMPERATURE (°C) 


Linearity Error vs fcLK 

3.0 1 1 

Vref/2 = 2-5V 
2.5 -V CC = 5V ' 


25°C 

,1 i 1 1 i I I 

10 100 200 300 400 500 600 

f C LK (»<Hz) 


Power Supply Current 
vs Temperature 


“fc^vN£ =5 ; 5V 1 


-75-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


Output Current 
vs Temperature 


> 






- 

_ •source V DC 

1 

•source V DC 

= 2.4V 

h— 



•sink v dc = 
1 

P* — 

= 0.4V 




-100 -50 0 50 100 125 

TEMPERATURE (°C) 


Power Supply 
Current vs fcLK 


V C C = 

— ! 
5V@2 

5°C 














0 100 200 300 400 500 

tcrfHz) 
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5-BIT SHIFT REGISTER 

START SGL/6TF I ODD/SIGN I SELECT 1 SELECT 0° 


I START CONV AND ENABLE TSL OUTPUT BUFFER 





ANALOG 

MUX 

(EQUIVALENT) 


L C Q| 

U 

rU — 4 cs 


T ^ CIRCUITRY 


V 1 

SAR 

LOGIC 

AND 

84 

9-BIT 

* 

A/ 

R 

5_ sj * 

B3 . 

SHIFT 

C 



f-y J 

LATCH 

4 82 + 

REGISTER 

► R FI 0 


LADDER « - - 


4 22—^- 


0 


INPUT TO 

13 o ^ INTERNAL l 

16 CIRCUITS 

17 iL 

18 m 

INPUT PROTECTION - ALL LOGIC INPUTS 


ONE | „ LSB FIRST 

SHOT H —* 


eesooow 


ADC0833 Functional Block Diagram 





ADC0833 


Timing Diagram 



Functional Description 

1.0 MULTIPLEXER ADDRESSING 

The design of the ADC0833 utilizes a sample-data compar- 
ator structure which provides for a differential analog input 
to be converted by a successive approximation routine. 
The actual voltage converted is always the difference be- 
tween an assigned " + " input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned " + ” input is less than the 
input the converter responds with an all zeros output 

code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels with software-configurable 
single-ended (ground referred) or differential inputs. The an- 
alog signal conditioning required in transducer-based data 


acquisition systems is significantly simplified with this type 
of input flexibility. One converter package can now handle 
ground referenced inputs and true differential inputs. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single-ended or differen- 
tial. In the differential case, it also assigns the polarity of the 
channels. Differential inputs are restricted to adjacent chan- 
nel pairs. For example channel 0 and channel 1 may be 
selected as a differential pair. Channel 0 or 1 cannot act 
differentially with any other channel. In addition to selecting 
differential mode the sign may also be selected. Channel 0 
may be selected as the positive input and channel 1 as the 
negative input or vice versa. This programmability is best 
illustrated by the MUX addressing codes shown in the fol- 
lowing table. The MUX address is shifted into the converter 
through the Dl line. 


TABLE I. MUX Addressing 


Single-Ended MUX Mode 


Address 

Channel # 

SGL/ 

ODD/ 

SELECT 

o 

1 

2 

3 

DIF 

SIGN 

1 

0 





1 

0 

0 

1 

+ 




1 

0 

1 

1 



+ 


1 

1 

0 

1 


+ 



1 

1 

1 

1 




+ 


COM is internally ties to a GND 


Differential MUX Mode 


Address 

Channel # 

SGL/ 

ODD/ 

SELECT 

o 

1 

2 

3 

DIF 

SIGN 

1 

0 




0 

0 

0 

1 

+ 

- 



0 

0 

1 

1 



+ 

- 

0 

1 

0 

1 

- 

+ 



0 

1 

1 

1 



- 

+ 
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Functional Description (Continued) 

Since the input configuration is under software control, it 
can be modified, as required, at each conversion. A channel 
can be treated as a single-ended, ground referenced input 
for one conversion; then it can be reconfigured as part of a 
differential channel for another conversion. Figure 1 illus- 
trates the input flexibility which can be achieved. 

The analog input voltages for each channel can range from 
50 mV below ground to 50mV above Vcc(typically 5V) with- 
out degrading conversion accuracy. 

2.0 THE DIGITAL INTERFACE 

A most important characteristic of these converters is their 
serial data link with the controlling processor. Using a serial 
communication format offers two very significant system im- 
provements; it allows more function to be included in the 
converter package with no increase in package size and it 
can eliminate the transmission of low level analog signals by 
locating the converter right at the analog sensor; transmit- 


ting highly noise immune digital data back to the host proc- 
essor. 

To understand the operation of these converters it is best to 
refer to the Timing Diagram and Functional Block Diagram 
and to follow a complete conversion sequence. 

1 . A conversion is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire con- 
version. The converter is now waiting for a start bit and its 
MUX assignment word. 

2. A clock is then generated by the processor (if not provid- 
ed continuously) and output to the A/D clock input. 

3. On each rising edge of the clock the status of the data in 
(Dl) line is clocked into the MUX address shift register. The 
start bit is the first logic “1” that appears on this line (all 
leading zeros are ignored). Following the start bit the con- 
verter expects the next 4 bits to be the MUX assignment 
word. 


4 Single-Ended 


2 Differential 




Mixed Mode 



TL/H/5607-6 


FIGURE 1. Analog Input Multiplexer Options for the ADC0833 
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Functional Description (Continued) 

4. When the start bit has been shifted into the start location 
of the MUX register, the input channel has been assigned 
and a conversion is about to begin. An interval of y 2 clock 
period (where nothing happens) is automatically inserted to 
allow the selected MUX channel to settle. The SAR status 
line goes high at this time to signal that a conversion is now 
in progress and the Dl line is disabled (it no longer accepts 
data). 

5. The data out (DO) line now comes out of TRI-STATE and 
provides a leading zero for this one clock period of MUX 
settling time. 

6. When the conversion begins, the output of the SAR com- 
parator, which indicates whether the analog input is greater 
than (high) or less than (low) each successive voltage from 
the internal resistor ladder, appears at the DO line on each 
falling edge of the clock. This data is the result of the con- 
version being shifted out (with the MSB coming first) and 
can be read by the processor immediately. 

7. After 8 clock periods the conversion is completed. The 
SAR status line returns low to indicate this y 2 clock cycle 
later. 

8. If the programmer prefers, the data can be read in an LSB 
first format. All 8 bits of the result are stored in an output 
shift register. The conversion result, LSB first, is automati- 
cally shifted out the DO line, after the MSB first data stream. 
The DO line then goes low and stays low until CS is re- 
turned high. 

9. All internal registers are cleared when the CS line is high. 
If another conversion is desired, CS must make a high to 
low transition followed by address information. 

The Dl and DO lines can be tied together and controlled 
through a bidirectional processor I/O bit with one wire. This 
is possible because the Dl input is only “looked-at” during 
the MUX addressing interval while the DO line is still in a 
high impedance state. 

3.0 REFERENCE CONSIDERATIONS 

The ADC0833 is intended primarily for use in circuits requir- 
ing absolute accuracy. In this type of system, the analog 


inputs vary between very specific voltage limits and the ref- 
erence voltage for the A/D converter must remain stable 
with time and temperature. For ratiometric applications, an 
ADC0834 is a pin-for-pin compatible alternative since it has 
a Vref input (note the ADC0834 needs one less bit of mux 
addressing information). 

The voltage applied to the Vref/ 2 pin defines the voltage 
span of the analog input [the difference between V|n(+) 
and V||sj( — )] over which the 256 possible output codes ap- 
ply. A full-scale conversion (an all Is output code) will result 
when the voltage difference between a selected “ + ” input 
and ” input is approximately twice the voltage at the 
Vref/ 2 pin. This internal gain of 2 from the applied refer- 
ence to the full-scale input voltage allows biasing a low volt- 
age reference diode from the 5V DC converter supply. To 
accommodate a 5 V input span, only a 2.5V reference is 
required. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. The out- 
put code changes in accordance with the following equa- 
tion: 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from 0 to 255) and the term Vref/ 2 is 
the voltage from pin 9 to ground. 

The Vref/ 2 pin is the center point of a two resistor divider 
(each resistor is 3.5 kH) connected from Vcc to ground. 
Total ladder input resistance is the sum of these two equal 
resistors. As shown in Figure 2, a reference diode with a 
voltage less than Vcc/2 can be connected without requiring 
an external biasing resistor if its current requirements meet 
the indicated level. 

The minimum value of Vref/ 2 can be quite small (see Typi- 
cal Performance Characteristics) to allow direct conversions 
of transducer outputs providing less than a 5 V output span. 
Particular care must be taken with regard to noise pickup, 
circuit layout and system error voltage sources when oper- 
ating with a reduced span due to the increased sensitivity of 
the converter (1 LSB equals Vref/256). 


Vcc 

5V 




VfULL-SCALE - 2.4V VpuLL-SCALE = 5.0V 

- YCC mio ^ Vcc/2 ~ Vz 
1.75 kfl 

FIGURE 2. Reference Biasing Examples 
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Functional Description (Continued) 


4.0 THE ANALOG INPUTS 


The most important feature of these converters is that they 
can be located right at the analog signal source and through 
just a few wires can communicate with a controlling proces- 
sor with a highly noise immune serial bit stream. This in itself 
greatly minimizes circuitry to maintain analog signal accura- 
cy which otherwise is most susceptible to noise pickup. 
However, a few words are in order with regard to the analog 
inputs should the inputs be noisy to begin with or possibly 
riding on a large common-mode voltage. 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected " + ” and inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 
“ + ” input and then the input is y 2 of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

Verror(max) = V PEAK (27rfcM) (^) 

where fcM is the frequency of the common-mode signal, 
Vpeak is its peak voltage value 


and fci_K is the A/D clock frequency. 

For a 60 Hz common-mode signal to generate a y 4 LSB 
error (~5 mV) with the converter running at 250 kHz, its 
peak value would have to be 6.63V which would be larger 
than allowed as it exceeds the maximum analog input limits. 


Due to the sampling nature of the analog inputs short spikes 
of current enter the “ + ” input and exit the “ - ” input at the 
clock edges during the actual conversion. These currents 
decay rapidly and do not cause errors as the internal com- 
parator is strobed at the end of a clock period. Bypass ca- 
pacitors at the inputs will average these currents and cause 
an effective DC current to flow through the output resist- 
ance of the analog signal source. Bypass capacitors should 
not be used if the source resistance is greater than 1 kfi. 


This source resistance limitation is important with regard to 
the DC leakage currents of input multiplexer as well. The 
worst-case leakage current of ± 1 jllA over temperature will 
create a 1 mV inut error with a 1 kn source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 


5.0 OPTIONAL ADJUSTMENTS 


5.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, Vin(min). is not ground 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any Vin (— ) input at this Vin(min) va,ue - This 
utilizes the differential mode operation of the A/D. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the Vin(-) input and applying a small 
magnitude positive voltage to the V|n(+) input. Zero error is 
the difference between the actual DC input voltage which 


is necessary to just cause an output digital code transition 
from 0000 0000 to 0000 0001 and the ideal y 2 LSB value 
(y 2 LSB = 9.8 mV for V REF /2 = 2.500 V DC ). 

5.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 y 2 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the V REE input or Vqc for a digital output code 
which is just changing from 1111 1110 to 1111 1111. 

5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A V|n( + ) voltage which 
equals this desired zero reference plus y 2 LSB (where the 
LSB is calculated for the desired analog span, using 
1 LSB = analog span/256) is applied to selected “ + ” input 
and the zero reference voltage at the corresponding 
input should then be adjusted to just obtain the OOhex to 
01 hex code transition. 

The full-scale adjustment should be made [with the proper 
V| n (— ) voltage applied] by forcing a voltage to the V|n(+) 
input which is given by: 

V, N(+ )fsadj = Vmax ~ 1-5 [ ] 

where: 

Vmax = the high end of the analog input range 
and 

Vmin = the low ®nd (the offset zero) of the analog 
range. 

(Both are ground referenced.) 

The Vr EE /2 voltage is then adjusted to provide a code 
change from FErex to FFrex- This completes the adjust- 
ment procedure. 

6.0 POWER SUPPLY 

A unique feature of the ADC0833 is the inclusion of a 7V 
zener diode connected from the V+ terminal to ground 
which also connects to the V<x terminal (which is the actual 
converter supply) through a silicon diode, as shown in Fig- 
ure 3. 



Vcc 

ACTUAL 

CONVERTER 

SUPPLY 


TL/H/5607-8 

FIGURE 3. An On-Chip Shunt Regulator Diode 
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Functional Description (Continued) 

This zener is intended for use as a shunt voltage regulator 
to eliminate the need for any additional regulating compo- 
nents. This is most desirable if the converter is to be re- 
motely located from the system power source. Figures 4 
and 5 illustrate two useful applications of this on-board ze- 
ner when an external transistor can be afforded. 

An important use of the interconnecting diode between V+ 
and Vcc is shown in Figures 6 and 7. Here, this diode is 
used as a rectifier to allow the Vcc supply for the converter 


to be derived from the clock. The low current requirements 
of the A/D (~3 mA) and the relatively high clock frequen- 
cies used (typically in the range of 1 0k-400 kHz) allows us- 
ing the small value filter capacitor shown to keep the ripple 
on the Vcc line to well under % of an LSB. The shunt zener 
regulator can also be used in this mode. This requires a 
clock voltage swing which is in excess of Vz- A current limit 
for the zener is needed, either built into the clock generator 
or a resistor can be used from the CLK pin to the V + pin. 


Applications 


12V Ik 

SYSTEM V\/V 

SUPPLY 


r — 3 mV/°C— | 


A 7.9V 

-1 V+ 0Tc 

° #* F REFERENCE 


TL/H/5607-15 

FIGURE 4. Operating with a Temperature 
Compensated Reference 



FIGURE 5. Using the A/D as the 
System Supply Regulator 


JIT 



TL/H/5607-17 
♦Note 4.5V £ Vcc ^ 6.3V 

FIGURE 6. Generally Vcc from the Converter Clock 



FIGURE 7. Remote Sensing— Clock 
and Power on 1 Wire 
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Applications (Continued) 


Digital Link and Sample Controlling Software for the 
Serially Oriented COP420 and the Bit Programmable I/O INS8048 



TL/H/5607-10 


COP CODING EXAMPLE 8048 CODING EXAMPLE 


Mnemonic 

Instruction 


Mnemonic 

Instruction 

LEI 

ENABLES SIO’s INPUT AND OUTPUT 

START: 

ANL 

PI, #0F7H 

SELECT A/D (CS = 0) 

SC 

C = 1 


MOV 

B, #5 

BIT COUNTER <— 5 

OGI 

G0 = 0 (CS = 0) 


MOV 

A, #ADDR 

A <— MUX ADDRESS 

CLR A 

CLEARS ACCUMULATOR 

LOOP 1 : 

RRC 

A 

CY <- ADDRESS BIT 

AISC1 

LOADS ACCUMULATOR WITH 1 


JC 

ONE 

TEST BIT 

XAS 

EXCHANGES SIO WITH ACCUMULATOR 




BIT=0 


AND STARTS SK CLOCK 

ZERO: 

ANL 

PI, #0FEH 

DH-0 

LDD 

LOADS MUX ADDRESS FROM RAM 


JMP 

CONT 

CONTINUE 


INTO ACCUMULATOR 




BIT = 1 

NOP 

— 

ONE: 

ORL 

PI, #1 

Dl 1 

XAS 

LOADS MUX ADDRESS FROM 

CONT: 

CALL 

PULSE 

PULSE SK 0 — * 1 —> 0 


ACCUMULATOR TO SIO REGISTER 


DJNZ 

B, LOOP 1 

CONTINUE UNTIL DONE 

t 



CALL 

PULSE 

EXTRA CLOCK FOR SYNC 

8 INSTRUCTIONS 


MOV 

B, #8 

BIT COUNTER <— 8 

i 


LOOP 2: 

CALL 

PULSE ; 

PULSE SK 0 -* 1 0 

XAS 

READS HIGH ORDER NIBBLE (4 BITS) 


IN 

A, PI 

CY <— DO 


INTO ACCUMULATOR 


RRC 

A 


XIS 

PUTS HIGH ORDER NIBBLE INTO RAM 


RRC 

A 


CLR A 

CLEARS ACCUMULATOR 


MOV 

A, C 

A «- RESULT 

RC 

C = 0 


RLC 

A 

A(0) *— BIT AND SHIFT 

XAS 

READS LOW ORDER NIBBLE INTO 


MOV 

C, A 

C 4- RESULT 


ACCUMULATOR AND STOPS SK 


DJNZ 

B, LOOP 2 ; 

CONTINUE UNTIL DONE 

XIS 

PUTS LOW ORDER NIBBLE INTO RAM 

RETR 




OGI 

G0 = 1 (CS=1) 




PULSE SUBROUTINE 

LEI 

DISABLES SIO’s INPUT AND OUTPUT 

PULSE: 

ORL 

PI, #04 

SK < — 1 




NOP 


DELAY 




ANL 

PI, #0FBH : 

SK <— 0 


RET 
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Applications (Continued) 


A “Stand-Alone” Hook-Up for ADC0833 Evaluation 


MUX ADDRESS 



Low Cost Remote Temperature Sensor 


(S V DC ) 



TL/H/5607-11 
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Applications (Continued) 


Span Adjust: OV<, V|n^3V 



Zero-Shift and Span Adjust: 2V£ V| N <;5V 


IVinW Vcch 


1 V|N<-> VREF/2K 


i 

I 1/2 LM358 I 

-lJPt 

| SETS VOLTAGE SPAN 


SETS ZERO 
CODE VOLTAGE 


330 I 

AAA 1 


L 


Protecting the Input 


High Accuracy Comparators 



DO = all Is if + V| N > — Vim 
DO = all Os if + V|n < — Vin 


Diodes are 1N91 4 TL/H/5607-20 

For additional application ideas, refer to the data sheet for the ADC0831 family of serial data converters. 
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Ordering Information 


Part Number 

Temperature 

Range 

Total 

Unadjusted 

Error 

ADC0833BCJ 

— 40°C to +85°C 

±1/2 LSB 

ADC0833BCN 

0°C to +70°C 

ADC0833BJ 

— 55°C to + 1 25°C 

ADC0833CCJ 

— 40°C to + 85°C 

±1 LSB 

ADC0833CCN 

0°C to + 70°C 

ADC0833CJ 

— 55°C to + 1 25°C 


ADC0833 





ADC0841 


S3 


National 

Semiconductor 

Corporation 


ADC0841 8-Bit juP Compatible A/D Converter 


General Description 

The ADC0841 is a CMOS 8-bit successive approximation 
A/D converter. Differential inputs provide low frequency in- 
put common mode rejection and allow offsetting the analog 
range of the converter. In addition, the reference input can 
be adjusted enabling the conversion of reduced analog 
ranges with 8-bit resolution. 

The A/D is designed to operate with the control bus of a 
variety of microprocessors. TRI-STATE® output latches that 
directly drive the data bus permit the A/D to be configured 
as a memory location or I/O device to the microprocessor 
with no interface logic necessary. 


Features 

■ Easy interface to all microprocessors 

■ Operates ratiometrically or with 5 Vpc 
voltage reference 

■ No zero or full-scale adjust required 

■ Internal clock 

■ OV to 5V input range with single 5V power supply 

■ 0.3" standard width 20-pin package 

■ 20 Pin Molded Chip Carrier Package 


Key Specifications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 

■ Low Power 

■ Conversion Time 


8 Bits 

±y 2 LSB and ± 1 LSB 
5 V DC 
15 mW 
40 juts 


Block and Connection Diagrams 


AGND V cc DGND V REF 



DB0(18)-DB7(1 1) 


Dual-In-Line Package 


■ DBO 


Molded Chip Carrier Package 


(N.C.-No Connection) 


i 

~D 

20 

2 

19 

3 

18 

4 

17 

5 

16 

6 

15 

7 

14 

8 

13 

9 

12 

10 

11 


Top View 


DBO 

1 

DB1 

| 

DB2 

| 

DB3 

| 

DB4 

1 

18 

17 

16 

15 

14 

19 




13 

20 




12 

1 




11 

2 




10 

3 




9 


5 

6 

7 

8 

1^ 

N.C. 

1 

INTR 

'z 

> 

T 

“* '"z 
> 

1 

AGND 


Top View 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage (V C c) 

Voltage 

Logic Control Inputs 
At Other Inputs and Outputs 
Input Current Per Pin (Note 3) 

Input Current Per Package (Note 3) 
Storage Temperature 
Package Dissipation at Ta = 25°C 


6.5V 

-0.3V to V C c + 0.3V 
-0.3 V to V C c + 0.3V 
±5 mA 
±20 mA 
— 65°C to + 150°C 
875 mW 


Lead Temp. (Soldering, 10 seconds) 


Dual-In-Line Package (Plastic) 

260° C 

Dual-ln-Line Package (Ceramic) 

300°C 

Molded Chip Carrier Package 


Vapor Phase (60 seconds) 

215°C 

Infrared (15 seconds) 

220°C 

ESD Susceptibility (Note 10) 

800V 


Operating Conditions (Notes 1 and 2) 


Supply Voltage (V C c) 
Temperature Range 
ADC0841 BCN, ADC0841CCN 
ADC0841BCJ, ADC0841CCJ, 
ADC0841BCV, ADC0841CCV 
ADC0841 B J, ADC0841 CJ 


4.5 Vdc to 6.0 Vqc 
Tmin^T a ^T MA x 
0°C^T a ^70°C 
-40°C^T a ^85°C 

-55°C^T a ^125°C 


Electrical Characteristics The following specifications apply for Vcc = 5 Vqc unless otherwise specified. 

Boldface limits apply from Tmin to t max; al1 other limits TA=Tj = 25°C. 




ADC0841BJ, ADC0841BCJ 
ADC0841CJ, ADC0841CCJ 

ADC0841BCN, ADC0841CCN 
ADC0841BCV, ADC0841CCV 


Parameter 

Conditions 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 


Maximum Total 

Unadjusted Error 

ADC0841BCN, BCV 
ADC0841 BJ, BCJ 
ADC0841CCN, CCV 
ADC0841CJ, CCJ 

Vref = 5.00 V dc 
(N ote 4) 


±y 2 

±i 



±Vz 

±1 

±y 2 

±i 

— 

LSB 

LSB 

LSB 

LSB 

Minimum Reference 

Input Resistance 


2.4 

i.i 


2.4 


i.i 

k n 

Maximum Reference 

Input Resistance 


B 

5.9 


B 

n 

5.9 

kn 

Maximum Common-Mode 
Input Voltage 

(Note 5) 


Vcc + 0.05 



Vcc + 0.05 

Vcc + 0.05 

V 

Minimum Common-Mode 
Input Voltage 

(Note 5) 


GND-0.05 



GND-0.05 

GND-0.05 

V 

DC Common-Mode Error 

Differential Mode 

— Vi 6 

±% 


— Vi 6 

±Va 

±y4 

LSB 

Power Supply Sensitivity 

V CC =5V±5% 

±Vl6 

±Vb 


±Vl6 

±Vb 

±Vb 

LSB 
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Electrical Characteristics The following specifications apply for Vqq=5 Vqc unless otherwise specified. 

Boldface limits apply from Twin to Tmax! &■■ other limits T A =T j ==2 5°C. (Continued) 

Symbol 

Parameter 

Conditions 

ADC0841BJ, ADC0841BCJ 
ADC0841CJ, ADC0841CCJ 

ADC0841BCN, ADC0841CCN 
ADC0841BCV, ADC0841CCV 

Units 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Typ 

(Note 6) 

Tested 
Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

DIGITAL AND DC CHARACTERISTICS 

V IN(1) 

Logical “1” Input 
Voltage (Min) 

V CC = 5.25V 





2.0 

m 

HI 

V|N(0) 

Logical “0” Input 
Voltage (Max) 

V CC = 4.75 V 





0.8 

0.8 

V 

■lN(1) 

Logical “1” Input 
Current (Max) 

V )N = 5.0V 

0.005 

Mi 




m 

jllA 

■lN(0) 

Logical “0” Input 
Current (Max) 

< 

z 

II 

o 

< 

-0.005 

-i 


-0.005 


H 

fiA 

VOUT(I) 

Logical “1” 

Output Voltage (Min) 

V CC = 4.75 V 
■oUT = —360 juA 
•0UT = ~ 10 /*A 






2.4 

4.5 

V 

V 

VOUT(O) 

Logical “0” 

Output Voltage (Max) 

V CC = 4.75 V 
■out = 1-6 mA 


0.4 





V 

■out 

TRI-STATE Output 
Current (Max) 

> > 
o io 

II II 

5 5 
;?>° 

-0.01 

0.01 

-3 

3 





jutA 

julA 

■source 

Output Source 

Current (Min) 

V OUT = OV 

-14 

-6.5 


-14 

-7.5 


mA 

■sink 

Output Sink 

Current (Min) 

v OUT = V CC 

16 

8.0 


16 

9.0 

8.0 

mA 

■cc 

Supply Current (Max) 

CS = 1 , Vref Open 

1 

2.5 


1 

2.3 

2.5 

mA 
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AC Characteristics The following specifications apply for Vcc = 5 Vdc> t r = tf = 10 ns unless otherwise specified. 

Boldface limits apply from Tmin to Tmax; al1 other limitsT A = Tj = 25°C. 


Symbol 

Parameter 

Conditions 

Typ 

(Note 6) 

Tested 

Limit 
(Note 7) 

Design 
Limit 
(Note 8) 

Units 

tc 

Maximum Conversion Time (See Graph) 


30 

40 

60 

/IS 

tW(WR) 

Minimum WR Pulse Width 

(Note 9) 

50 

150 


ns 

*ACC 

Maximum Access Time (Delay from Falling Edge of 
RD to Output Data Valid) 

C L = 100 pF 
(Note 9) 

145 

225 


ns 

tlH. *0H 

TRI-STATE Control (Maximum Delay from Rising 
Edge of RD to Hi-Z State) 

C L = 10 pF, R l = 10k, 
t r = 20 ns (Note 9) 

125 


200 

ns 

twi. tR| 

Maximum Delay from Falling Edge of WR or RD to 
Reset of INTR 

(Note 9) 

200 

400 


ns 


Capacitance of Logic Inputs 


5 



S9 


Capacitance of Logic Outputs 


5 



Hi 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the ground pins. 

Note 3: During over-voltage conditions (V|n< 0V and V|n>Vcc) the maximum input current at any one pin is ±5 mA. If the current is limited to ±5 mA at all the 
pins no more than four pins can be in this condition in order to meet the Input Current Per Package (±20 mA) specification. 

Note 4: Total undajusted error includes offset, full-scale, and linearity. 

Note 5: For Vin (-) ^ Vin ( + ) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vqc to 5 Vqq input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance 
and loading. 

Note 6: Typicals are at 25°C and represent most likely parametric norm. 

Note 7: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 8: Design limits are guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 9: The temperature coefficient is 0.3%/°C. 

Note 10: Human body model, 100 pF discharged through 1.5 kft resistor. 


Timing Diagram 


/ * \ r 
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Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 


4.50 4.75 5.00 5.25 5.5 

V CC - SUPPLY VOLTAGE <V 0C ) 

Linearity Error vs Vref 


0 1 2 3 4 5 

Vref (V) 

Unadjusted Offset Error vs 
Vref Voltage 


V | N (+)= V | M (-.)«0 


ihiiinn 

■Bill l^H 
iii i 

ill ii 


liMIIII 

■mil 

■mi 

■mi 


Output Current vs 
Temperature 


Power Supply Current vs 
Temperature 


Vcc=5Vdc 

I I I 

- IsinkVoc = 5V- 


JsoupkVoc^ov 
(source V0C-2.4V 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



-75 - 50 - 25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Conversion Time vs 

Conversion Time vs Vsupply Temperature 
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4.5 4.75 5 5.25 5.5 

SUPPLY VOLTAGE (V) 


-75 - 50 - 25 0 25 50 75 100 125 
TEMPERATURE (°C) 


TRI-STATE Test Circuits and Waveforms 



0.01 0.1 1.0 5 

VREF (V) TL/H/ 8557 - 


*1HjCl = 10 pF 

Vcc n*-qn% 


t0H 

Vcc v cc 


*0H»Cl = 10 pF 




— 1 

— tOH 


f 10% 
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Functional Block Diagram 
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Functional Description 

A conversion is initiated via the CS and WR lines. If the data 
from a previous conversion is not read, the INTR line will be 
low. The falling edge of WR will reset the INTR line high and 
ready the A/D for a conversion cycle. The rising edge of WR 
starts a conversion. After the conversion cycle (tc ^ 60 
/xsec), which is set by the internal clock frequency, the di gi- 
tal data is transferred^ the output latch and the I NTR is 
asserted low. Taking CS and RD low resets INTR output 
high and transfers the conversion result on the output data 
lines (DB0-DB7). 


Applications Information 

1.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input of this converter 
defines the voltage span of the analog input (the difference 
between Vin(max) and V IN(MIN)) over which the 256 possi- 
ble output codes apply. The device can be used in either 
ratiometric applications or in systems requiring absolute ac- 
curacy. The reference pin must be connected to a voltage 
source capable of driving the minimum reference input re- 
sistance of 1.1 kft. This pin is the top of a resistor divider 
string used for the successive approximation conversion. 

In a ratiometric system {Figure la), the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
Vref pin can be tied to Vcc- This technique relaxes the 
stability requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy {Figure 1b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with this converter. 

The maximum value of the reference is limited to the Vqc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals 
Vref/256). 

2.0 THE ANALOG INPUTS 


2.1 Analog Differential Voltage Inputs and Common- 
Mode Rejection 


The differential inputs of this converter actually reduce the 
effects of common-mode input noise, a signal common to 
both selected “ + ” and inputs for a conversion (60 Hz 
is most typical). The time interval between sampling the 
“ + ” input and then the input is y 2 of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 


VERROR(MAX) = Vpeak (2tt f C M) X 0.5 X 



where fcM is the frequency of the common-mode signal, 
Vpeak is its peak voltage value and tc is the conversion 
time. 


For a 60 Hz common-mode signal to generate a y 4 LSB 
error (~ 5 mV) with the converter running at 40 juS, its peak 
value would have to be 5.43V. This large a common-mode 
signal is much greater than that generally found in a well 
designed data acquisition system. 

2.2 Input Current 

Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the " + ” input and exit the 
input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. By- 
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out- 
put resistance of the analog signal source. Bypass capaci- 
tors should not be used if the source resistance is greater 
than 1 kfl. An op amp RC active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance signal source be required. 

3.0 OPTIONAL ADJUSTMENTS 

3.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|N(min)> is not g round > 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing the V|n (— ) input at this V|N(MIN) value. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V - input and applying a small mag- 
nitude positive voltage to the V+ input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal y 2 LSB value (y 2 LSB = 9.8 
mV for Vref =5.000 V DC ). 

3.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 y 2 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vref input tor a digital output code changing 
from 1111 IllOto 1111 1111. 

3.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A voltage which equals 
this desired zero reference plus y 2 LSB (where the LSB is 
calculated for the desired analog span, 1 LSB = analog 
span/256) is applied to the “ + ” input (V||\|(+)) and the zero 
reference voltage at the input (V|N(-))should then be 
adjusted to just obtain the OOrex to 01 HEX code transition. 


3-164 




Applications Information (Continued) 



a) Ratiometric 


5V 



FIGURE 1. Referencing Examples 


The full-scale adjustment should be made [with the proper 
Vin ( — ) voltage applied] by forcing a voltage to the V|n( + ) 
input which is given by: 

V IN ( + ) fs adi = V MAX - 1 .5 [ < V - MAXT- Vm, n) ] 
where VMAX = the high end of the analog input range and 


v MiN = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vref (or Vqc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

For an example see the Zero-Shift and Span Adjust circuit 
below. 


Zero-Shift and Span Adjust (2 V^V|n^5V) 


(5 V DC ) 



TL/H/8557-13 



3-165 


ADC0841 





Applications Information (Continued) 

Span Adjust 0V^V| N ^3V 


VlN< + ) 

Vcc 

ADC0841 

VinH 

Vref 


" 1 juF X SET FOR 3V A LM336-2.5 


Protecting the Input 



Diodes are 1N914 


High Accuracy Comparator 

5V 


v in( + ) 

ADC0841 

VinC-) 


DO = all Is if V| N (+)>V| N (-) 
DO = all Os if V| N (+)<V| N (-) 


Operating with Automotive Ratiometric Transducers 


VimW 

Vcc 

v, N (-r 


ADC0841 



v ref 


*V|n(~) = 0.15 Vcc 

15% of Vcc^Vxdr^ 85% of Vcc 




Applications Information (Continued) 


Converting a Thermocouple with Cold-Junction Compensation 



Continuous Conversion 

+5V 



TL/H/8557-19 
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Applications Information (Continued) 

ADC0841 — INS8039 Interface 


5V 5V 



TL/H/8557-20 

SAMPLE PROGRAM FOR ADC0841— INS8039 INTERFACE 
CONVERTING TWO RATIOMETRIC, DIFFERENTIAL SIGNALS 





ORG 

OH 


0000 

0410 


JMP 

BEGIN 

START PROGRAM AT ADDR 10 




ORG 

10H 

MAIN PROGRAM 

0010 

B9 FF 

BEGIN: 

MOV 

R1,#0FFH 

LOAD R1 WITH A UNUSED ADDR 

LOCATION 

0012 

B8 20 


MOV 

R0,#20H 

A/D DATA ADDRESS 

0014 

89 FF 


ORL 

P1,#0FFH 

SET PORT 1 OUTPUTS HIGH 

0016 

23 00 


MOV 

A,00H 

LOAD THE ACC WITH 00 

0018 

14 50 


CALL 

CONV 

CALL THE CONVERSION SUBROUTINE 




; CONTINUE MAIN PROGRAM 





; CONVERSION SUBROUTINE 
;ENTRY:ACC — A/D MUX DATA 





;EXIT: ACC— CONVERTED DATA 




ORG 

50H 


0050 

99 FE 

CONV: 

ANL 

PI ,#0FEH 

CHIP SELECT THE A/D 

0052 

91 


MOVX 

@R1,A 

START CONVERSION 

0053 

09 

LOOP: 

IN 

A,P1 

INPUT InTR STATE 

0054 

32 53 


JB1 

LOOP 

IFTnTR = 1 GOTO LOOP 

0056 

81 


MOVX 

A,@R1 

IF INTR = 0 INPUT A/D DATA 

0057 

89 01 


ORL 

P1.&01H 

CLEAR THE A/D CHIP SELECT 

0059 

A0 


MOV 

@R0,A 

STORE THE A/D DATA 

005A 

83 


RET 


RETURN TO MAIN PROGRAM 
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I/O Interface to NSC800TM 


5V 5V 



TL/H/8557-21 


SAMPLE PROGRAM FOR ADC0841— NSC800 INTERFACE 


0010 


NCONV 

EQU 

16 

TWICE THE NUMBER OF REQUIRED 
CONVERSIONS 

000F 


DEL 

EQU 

15 

DELAY 60 jasec CONVERSION 

001 F 


CS 

EQU 

1FH 

THE BOARD ADDRESS 

3C00 


ADDTA 

EQU 

003CH 

START OF RAM FOR A/D 

DATA 

0000' 

00 

DTA: 

DB 

08H 

DATA 

0001 ' 

OE IF 

START: 

LD 

C,CS 


0003' 

0616 


LD 

B, NCONV 


0005' 

21 0000' 


LD 

HL.DTA 


0008' 

11 003C 


LD 

DE.ADDTA 


000B' 

ED A3 

STCONV: 

OUTI 


START A CONVERSION 

000D' 

EB 


EX 

DE.HL 

HL= RAM ADDRESS FOR THE 

A/D DATA 

000E' 

3E OF 


LD 

A, DEL 


0010' 

3D 

WAIT: 

DEC 

A ; 

WAIT 60 /xsec FOR THE 

001 1' 

C2 0013' 


JP 

NZ.WAIT 

CONVERSION TO FINISH 

0014' 

EDA2 


INI 


STORE THE A/D’S DATA 

THE REQUIRED CONVERSIONS COMPLETED? 

0016' 

EB 


EX 

DE.HL 


0017' 

C2 000E' 


JP 

NZ, STCONV 

;IF NOT GOTO STCONV 


END 

Note: A conversion is started, then a 60 jxs wait for the A/D to complete a conversion and the data is stored at address ADDTA for the first conversion, 
ADDTA + 1 for the second conversion, etc. for a total of 8 conversions. 
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Ordering Information 


Temperature 

Total Unadjusted Error 

Package 

Range 

±y 2 LSB 

±1 LSB 

Outline 

0°C to + 70°C 

ADC0841BCN 

ADC0841CCN 

N20A 

Molded Dip 

— 40°C to + 85°C 

ADC0841 BCJ 

ADC0841CCJ 

J20A 

Cerdip 


ADC0841 BCV 

ADC0841 CCV 

V20A 

Molded Chip Carrier 

— 55°C to + 1 25°C 

ADC0841 BJ 

ADC0841 CJ 

J20A 

Cerdip 
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National 
Semiconductor 
Corporation 

ADC0844/ADC0848 8-Bit juP Compatible A/D Converters 

with Multiplexer Options 

General Description Features 


The ADC0844 and ADC0848 are CMOS 8-bit successive 
approximation A/D converters with versatile analog input 
multiplexers. The 4-channel or 8-channel multiplexers can 
be software configured for single-ended, differential or 
pseudo-differential modes of operation. 

The differential mode provides low frequency input common 
mode rejection and allows offsetting the analog range of the 
converter. In addition, the A/D’s reference can be adjusted 
enabling the conversion of reduced analog ranges with 8-bit 
resolution. 

The A/Ds are designed to operate from the control bus of a 
wide variety of microprocessors. TRI-STATE® output latch- 
es that directly drive the data bus permit the A/Ds to be 
configured as memory locations or I/O devices to the micro- 
processor with no interface logic necessary. 


Easy interface to all microprocessors 
Operates ratiometrically or with 5 Vdc 
voltage reference 

No zero or full-scale adjust required 

4-channel or 8-channel multiplexer with address logic 

Internal clock 

OV to 5V input range with single 5V power supply 
0.3" standard width 20-pin or 24-pin DIP 
28 Pin Molded Chip Carrier Package 


Key Specifications 

■ Resolution 

■ Total Unadjusted Error 

■ Single Supply 

■ Low Power 

■ Conversion Time 


8 Bits 

±y 2 LSB and ± 1 LSB 
5 V DC 
15 mW 
40 jas 


Block and Connection Diagrams 



Dual-fn-Line Package 


Dual-ln-Line Package 









-rzr- 


RD- 

1 


20 

” V CC 

RD- 

i 


24 

CS- 

2 


19 

-WR 

CHI- 

2 


23 

CHI- 

3 


18 

— INTR 

CH2— 

3 


22 

CH2 — 

4 


17 

— DB0/MA0 

CH3 — 

4 


21 

CH3 — 

5 

ADC0844 

16 

— DB1/MA1 

CH4— 

5 


20 

CH4 — 

6 


15 

— DB2/MA2 

CH5- 

6 

ADC0848 

19 

AGND — 

7 


14 

— DB3/MA3 

CH6- 

7 


18 

V REF” 

8 


13 

— DB4 

CH7- 

8 


17 

(MSB) DB7 — 

9 


12 

— DB5 

CH8 — 

9 


16 

DGND- 

10 


11 

— DB6 

AGND- 

10 


15 





TL/H/5016-2 

Vp£p mm 



14 





DGND- 

12 


13 


Tod View 





____ 


TL/H/5016-1 

Molded Chip Carrier Package 

o *- <h ro 

tf s o Sf „ 

Q Q § Z Q S Q 

-1 I I— L 1 L-i 


— INTR 
-DB0/MA0 
-DB1/MA1 
— DB2/MA2 
— DB3/MA3 
— DB4/MA4 


25 24 23 22 21 20 19 


INTR — 
WR- 
CS- 
NC- 

V CC“ 
RD- 3 
CHI- 4 


TL/H/5016-30 


T I I 

5 


9 10 11 

I I I 

m io n 
ac z a: 
o o o 


|— DB6 
DB7 
DGND 
NC 

V REF 
1 3 AGND 
12l— CHB 


Top View 


TL/H/5016-29 


Top View 

See Ordering Information 
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ADC0844/ ADC0848 


Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, Lead Temperature (Soldering, 10 seconds) 

contact the National Semiconductor Sales Office/ Dual-In-Line Package (Plastic) 260°C 

Distributors for availability and specifications. Dual-In-Line Package (Ceramic) 300°C 

Supply Voltage (V C c) 6.5V Molded Chip Carrier Package 

Voltaae Vapor Phase (60 seconds) 215°C 

Logic Control Inputs -0.3Vto+15V Infrared (15 seconds) 220"C 

Atother inputs and Outputs -0.3V to V CC + 0.3V Operating Conditions (Notes 1 & 2) 

Input Current at Any Pin (Note 3) 5 mA supply Voltage (V CC ) 4.5 V DC to 6.0 V DC 

Package Input Current (Note 3) 20 mA Temperature Range T M in°T a £T m °x 

Storage Temperature -65°C to + 1 50°C ADC0844BCN, ADC0844CCN, 0°C^T A ^70°C 

Package Dissipation at T A = 25°C 875 mW ADC0848BCN, ADC0848CCN 

ESD Susceptibility (Note 4) 800V ADC0844BCJ, ADC0844CCJ, -40°C^T A ^85°C 

K y ADC0848BCJ, ADC0848CCJ 

ADC0848BCV, ADC0848CCV 

ADC0844BJ, ADC0844CJ, -55°C<^T A <; 125°C 

ADC0848BJ, ADC0848CJ 

Electrical Characteristics The following specifications apply for Vcc = 5 Vqq unless otherwise specified. 

Boldface limits apply from Tmin to Tmax! al1 other limits T A = Tj = 25°C. 

Parameter 

Conditions 

ADC0844BJ, ADC0844BCJ 
ADC0844CJ, ADC0844CCJ 
ADC0848BJ, ADC0848BCJ 
ADC0848CJ, ADC0848CCJ 

ADC0844BCN, ADC0844CCN 
ADC0848BCN, ADC0848CCN 
ADC0848BCV, ADC0848CCV 

Limit 

Units 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Maximum Total 

Unadjusted Error 

ADC0844BCN, ADC0848BCN, BCV 
ADC0844BJ, BCJ, ADC0848BJ, BCJ 
ADC0844CCN, ADC0848CCN, CCV 
ADC0844CJ, CCJ, ADC0848CJ, CCJ 

Vref = 5.00 V dc 
(N ote 8) 


±y 2 

±1 



±V2 

±1 

±y 2 

±1 

LSB 

LSB 

LSB 

LSB 

Minimum Reference 

Input Resistance 


2.4 

1.1 


H 

1.2 

1.1 

kO 

Maximum Reference 

Input Resistance 


2.4 

5.9 


H 

mm 

5.9 

kn 

Maximum Common-Mode 

Input Voltage 

(Note 9) 



■ 




V 

Minimum Common-Mode 

Input Voltage 

(Note 9) 


GND - 0.05 



GND-0.05 

GND - 0.05 

V 

DC Common-Mode Error 

Differential Mode 

±Vl6 

±74 


±Vl6 

±'A 

±74 

LSB 

Power Supply Sensitivity 

V C c=5V±5% 


±7e 


± Vi 6 

±Vs 

±Ve 

LSB 

Off Channel Leakage 

Current 

(Note 1 0) 

On Channel = 5V, 
Off Channel = 0V 


-1 

■ 



-1 

jwA 

On Channel = 0V, 
Off Channel = 5V 


1 



0.1 

1 


DIGITAL AND DC CHARACTERISTICS 

V|N(i), Logical “1” Input 

Voltage (Min) 

V C c = 5-25V 





2.0 


V 

V|N(o), Logical “0” Input 

Voltage (Max) 

V CC = 4.75V 


0.8 



0.8 

0.8 

V 

llN(i)> Logical “1” Input 

Current (Max) 

V|m = 5.0V 

0.005 

1 


0.005 


1 

jixA 
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Electrical Characteristics The following specifications apply for Vcc — 5 Vqc unless otherwise specified. 

Boldface limits apply from Tmin to Tmax; al1 other ,imits Ta = Tj = 25°C. (Continued) 

Parameter 

Conditions 

ADC0844BJ, ADC0844BCJ 
ADC0844CJ, ADC0844CCJ 
ADC0848BJ, ADC0848BCJ 
ADC0848CJ, ADC0848CCJ 

ADC0844BCN, ADC0844CCN 
ADC0848BCN, ADC0848CCN 
ADC0848BCV, ADC0848CCV 

Limit 

Units 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

DIGITAL AND DC CHARACTERISTICS (Continued) 

I|N(o)> Logical “0” Input 
Current (Max) 

V| N = 0V 

-0.005 

-1 


-0.005 


-1 

ju,A 

VoUT(i). Logical “1” 

Output Voltage (Min) 

Vcc = 4.75 V 

Iqut = “360 jllA 
l0UT~ “1° 





2.8 

4.6 

2.4 

4.5 

V 

V 

V OUT(0). Logical “0” 

Output Voltage (Max) 

Vcc = 4.75 V 

Iout = 1-6 rriA 


0.4 



0.34 

0.4 

V 

loUT. TRI-STATE Output 
Current (Max) 

V OUT =OV 

V 0 ut=5V 

-0.01 

0.01 

-3 

3 





juA 

juA 

■source. Output Source 
Current (Min) 

VoUT = 0V 

-14 




-7.5 

- 6.5 

mA 

■snk. Output Sink 

Current (Min) 

VoUT = Vcc 

16 

8.0 


16 

9.0 


mA 

Ice. Supply Current (Max) 

CS= 1, Vref Open 

1 

2.5 


1 

2.3 

2.5 

mA 

AC Electrical Characteristics The following specifications apply for Vcc = 5Voc.tr = tf = 10 ns unless 
otherwise specified. Boldface limits apply from Tr/hn to TmaxI all other limits Ta = Tj = 25°C. 

Parameter 

Conditions 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Units 

tc, Maximum Conversion Time (See Graph) 


30 

40 

60 

JXS 

tw(WR). Minimum WR Pulse Width 

(Note 11) 

50 

150 


ns 

tACC. Maximum Access Time (Delay from Falling Edge of 
RD to Output Data Valid) 

C L = 100 pF 
(Note 11) 

145 


225 

ns 

tiH. toH> TRI-STATE Control (Maximum Delay from Rising 
Edge of RD to Hi-Z State) 

C L = 10 pF, R l = 10k 
(Note 11) 

125 


200 

ns 

twi. tRi, Maximum Delay from Falling Edge of WR or TO to 

Reset of INfR 

(Note 11) 

200 




tps. Minimum Data Set-Up Time 

(Note 11) 

50 

100 


ns 

tpH. Minimum Data Hold Time 

(Note 11) 

0 

50 


ns 

C|n, Capacitance of Logic Inputs 


5 



PF 

Cqut. Capacitance of Logic Outputs 


5 



PF 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to the ground pins. 

Note 3: When the input voltage (Vin) at any pin exceeds the power supply rails (Vin < V - or Vin > V+) the absolute value of the current at that pin should be 
limited to 5 mA or less. The 20 mA package input current limits the number of pins that can exceed the power supply boundaries with a 5 mA current limit to four. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Typicals are at 25°C and represent most likely parametric norm. 

Note 6: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Design limits are guaranteed by not 100% tested. These limits are not used to calculate outgoing quality levels. 

Note 8: Total unadjusted error includes offset, full-scale, linearity, and multiplexer error. 
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Note 9: For Vin (-) ^ Vin (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input, which will forward-conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vcc supply. Be careful during testing at low Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vqc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature variations, initial tolerance 
and loading. 

Note 10: Off channel leakage current is measured after the channel selection. 

Note 11: The temperature coefficient is 0.3%/°C. 


Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 

' Mil 1~55 0 C < T A <>126°C | J 


Output Current vs 
Temperature 


Vcc =5 Vdc 

I I I 

“•sink Vdc = 5V - 


Power Supply Current vs 
Temperature 

» 'l l I I I I 


I ISOURCE Vdc = 2.4V 


4.50 4.75 5.00 5.25 5.50 

Vcc - SUPPLY VOLTAGE (V oc ) 


-75 -50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 


-75 - 50 - 25 0 25 50 75 100 125 
TEMPERATURE (°C) 


Linearity Error vs Vref 







60 






_ 50 

Vrr: 

= 5V 




£ 40 

TA=25°C | | 

(ZERO AND FULL-SCALE- 
ADJUSTED) 1 1 

— 

P 

S 30 

i 


u 




| 20 
o 





— — 

CJ 

10 


Conversion Time vs Vsupply 

| T» =25°C | I I I I | 


0 1 2 3 4 5 

Vref (V) 


4.75 5 5.25 5.5 

SUPPLY VOLTAGE (V) 


Conversion Time vs 
Temperature 

| Vcc=5V I I I I I 


Unadjusted Offset Error vs 
Vref Voltage 


14 “| 

HI1 i l mini i | in 


lillilL V|N( + ) = V|N ( - ) = 0 


W V 0S =2 mV 

10 — 

— lik T a =25°C 


-75 - 50 - 25 0 25 50 75 100 125 

TEMPERATURE (°C) 


0.1 1.0 

Vref (V) 
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TRI-STATE Test Circuits and Waveforms 

*1H 


Vcc 



TL/H/5016-4 


tlHf Cl = 10 pF 



TL/H/5016-5 


t r = 20 ns 



Leakage Current Test Circuit 



'NOT INCLUDED ON ADC0844 


TL/H/5016-8 


ADC0844/ADC0848 



Timing Diagrams 


Programming New Channel Configuration and Starting a Conversion 

- a / \ r 



Note 1: Read strobe must occur at least 600 ns after the assertion of interrupt to guarantee reset of INTR. 
Note 2: MA stands for MUX address. 


Using the Previously Selected Channel Configuration and Starting a Conversion 

A / \ / 



RESULT OF 
THE PREVIOUS 
CONVERSION 


READING THE RESULT 
OF THE LAST 
CONVERSION 


TL/H/5016-10 
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Functional Description 

The ADC0844 and ADC0848 contain a 4-channel and 8- 
channel analog input multiplexer (MUX) respectively. Each 
MUX can be configured into one of three modes of opera- 
tion differential, pseudo-differential, and single ended. 
These modes are discussed in the Applications Information 
Section. The specific mode is selected by loading the MUX 
address latch with the proper address (see Table I and Ta- 
ble II). Inputs to the MUX address latch (MA0-MA4) are 
common with data bus lines (DB0-DB4) and are enabled 
when the RD line is high. A conversion is initiated via the CS 
and WR l ines. I f the data from a previous conversion is not 
read, the INTR line will be low. The falling edge of WR will 
reset the INTR line high and ready the A/D for a conversion 
cycle. The rising edge of WR, with RD high, strobes the data 
on the MA0/DB0-MA4/DB4 inputs into the MUX address 
latch to select a new input configuration and start a conver- 
sion. If the RD line is held low during the entire low period of 
WR the previous MUX configuration is retained, and the 
data of the previous conversion is the output on lines DBO- 
DB7. After the conversion cycle (tc ^ 40 jus), which is set 
by the internal clock frequency, the digital data is trans- 


ferred tojhe output latch an d the INTR is asserted low. 
Taking CS and RD low resets INTR output high and outputs 
the conversion result on the data lines (DB0-DB7). 

Applications Information 

1.0 MULTIPLEXER CONFIGURATION 

The design of these converters utilizes a sampled-data 
comparator structure which allows a differential analog input 
to be converted by a successive approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned “ + ” input terminal and a input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned “ + ” input is less than the 
“ — ” input the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to pro- 
vide multiple analog channels. The input channels can be 
software configured into three modes: differential, single- 


TABLE I. ADC0844 MUX ADDRESSING 



MUX Address 


CS 

WR 




Channel# 


MUX 





RD 















MA3 

MA2 

MAI 

MAO 




CHI 

CH2 

CH3 

CH4 

AGND 

Mode 

X 

L 

L 

L 

L 


H 

+ 

- 





X 

L 

L 

H 

H 

L 

U 

H 

- 

+ 

+ 



Differential 

X 

L 

L 

L 


H 



— 


X 

L 

H 

H 

L 


H 



- 

+ 



L 

H 

L 

L 

L 


H 

+ 




- 


L 

H 

L 

H 

L 

If 

H 


+ 



_ 

Single-Ended 

L 

H 

H 

L 

L 

H 



+ 


- 

L 

H 

H 

H 

L 


H 




+ 

- 


H 

H 

L 

L 

L 

If 

H 

+ 



- 


Pseudo- 

H 

H 

L 

H 

H 

L 

H 


+ 


— 


Differential 

H 

H 

L 

L 


H 


l 


— 


X 

X 

X 

X 

L 

ir 

L 

Previous Channel Configuration 


X= don’t care 


4 Single-Ended 2 Differential 


CHI 

(+) 

CH2 

(+) 

CH3 

( + ) ADC0844 

CH4 

( + ) 



AGNO(-) 

— 



TL/H/5016-12 


3 Pseudo-Differential 


CHI, CH2 | 

| 

+ (-) 

-( + ) 

ADC0844 

CH3, CH4 | 

i 

+ (-) 


-( + ) 


TL/H/5016-13 

Combined 


CHI 

( + ) 

CH1.CH2 j 

+ 

CH3— - 

( + ) 

( + ) ADC0844 

CH3 

+ ADC0844 



CH4 — 

+ 

CH4 — 

(-) 

r~ 

AGND(-) 



- 



TL/H/5016-14 


FIGURE 1. Analog Input Multiplexer Options 


TL/H/5016-15 
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Applications Information (Continued) 

ended, or pseudo-differential. Figure 1 shows the three 
modes using the 4-channel MUX ADC0844. The eight inputs 
of the ADC0848 can also be configured in any of the three 
modes. In the differential mode, the ADC0844 channel in- 
puts are grouped in pairs, CHI with CH2 and CH3 with CH4. 
The polarity assignment of each channel in the pair is inter- 
changeable. The single-ended mode has CH1-CH4 as- 
signed as the positive input with the negative input being the 
analog ground (AGND) of the device. Finally, in the pseudo- 
differential mode CH1-CH3 are positive inputs referenced 
to CH4 which is now a pseudo-ground. This pseudo-ground 
input can be set to any potential within the input common- 
mode range of the converter. The analog signal conditioning 
required in transducer-based data acquisition systems is 
significantly simplified with this type of input flexibility. One 
converter package can now handle ground referenced in- 
puts and true differential inputs as well as signals with some 
arbitrary reference voltage. 

The analog input voltages for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading conversion accuracy. 

2.0 REFERENCE CONSIDERATIONS 

The voltage applied to the reference input of these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between Vin(max) and Vin(min)) over which the 256 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the minimum reference 
input resistance of 1.1 kfl. This pin is the top of a resistor 


divider string used for the successive approximation conver- 
sion. 

In a ratiometric system {Figure 2a), the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
Vref pin can be tied to Vcc- This technique relaxes the 
stability requirements of the system reference as the analog 
input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy {Figure 2b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small (see Typical Performance Characteristics) to allow di- 
rect conversions of transducer outputs providing less than a 
5V output span. Particular care must be taken with regard to 
noise pickup, circuit layout and system error voltage sourc- 
es when operating with a reduced span due to the in- 
creased sensitivity of the converter (1 LSB equals 
Vref/256). 

3.0 THE ANALOG INPUTS 

3.1 Analog Differential Voltage Inputs and Common- 
Mode Rejection 

The differential input of these converters actually reduces 
the effects of common-mode input noise, a signal common 
to both selected “+” and “ — ” inputs for a conversion (60 
Hz is most typical). The time interval between sampling the 


TABLE II. ADC0848 MUX Addressing 



El 
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Applications Information (Continued) 

“ + ” input and then the inputs is y 2 of a clock period. 
The change in the common-mode voltage during this short 
time interval can cause conversion errors. For a sinusoidal 
common-mode signal this error is: 

VERROR(MAX) = Vpeak (2?r f C M) X 0.5 X 

where fcM is the frequency of the common-mode signal, 
Vpe a k is its peak voltage value and tc is the conversion time. 
For a 60 Hz common-mode signal to generate a y 4 LSB 
error (~ 5 mV) with the converter running at 40 jaS, its peak 
value would have to be 5.43V. This large a common-mode 
signal is much greater than that generally found in a well 
designed data acquisition system. 

3.2 Input Current 

Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the " + ” input and exit the 
input at the clock edges during the actual conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. By- 
pass capacitors at the inputs will average these currents 
and cause an effective DC current to flow through the out- 
put resistance of the analog signal source. Bypass capaci- 
tors should not be used if the source resistance is greater 
than 1 k Cl. 

3.3 Input Source Resistance 

The limitation of the input source resistance due to the DC 
leakage currents of the input multiplexer is important. A 
worst-case leakage current of ± 1 jaA over temperature will 
create a 1 mV input error with a 1 kfl source resistance. An 
op amp RC active low pass filter can provide both imped- 
ance buffering and noise filtering should a high impedance 
signal source be required. 



TL/H/5016-16 


4.0 OPTIONAL ADJUSTMENTS 

4.1 Zero Error 

The zero of the A/D does not require adjustment. If the 
minimum analog input voltage value, V|N(min)> is not ground, 
a zero offset can be done. The converter can be made to 
output 0000 0000 digital code for this minimum input voltage 
by biasing any V|r (— ) input at this Vin(min) value. This is 
useful for either differential or pseudo-differential modes of 
input channel configuration. 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V~ input and applying a small mag- 
nitude positive voltage to the V+ input. Zero error is the 
difference between actual DC input voltage which is neces- 
sary to just cause an output digital code transition from 0000 
0000 to 0000 0001 and the ideal y 2 LSB value (% LSB = 9.8 
mV for V REF = 5.000 V DC ). 

4.2 Full-Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage which is 1 y 2 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the Vrep input for a digital output code changing 
from 1111 1 1 1 0 to 1111 1111. 

4.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal which does not go to ground), this new zero reference 
should be properly adjusted first. A Vin ( + ) voltage which 
equals this desired zero reference plus y 2 LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = 
analog span/256) is applied to selected “ + ” input and the 
zero reference voltage at the corresponding input 
should then be adjusted to just obtain the OOrex to 01 rex 
code transition. 


5V 



a) Ratiometric 


b) Absolute with a Reduced Span 
FIGURE 2. Referencing Examples 
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The full-scale adjustment should be made [with the proper 
V|n (-) voltage applied] by forcing a voltage to the V|n (+) 
input which is given by: 

V IN ( + ) fs adi=V MAX -1.S [ (^AXjVmin) ] 
where VMAX = th e high end of the analog input range and 


v MiN = the low end (the offset zero) of the analog range. 
(Both are ground referenced.) 

The Vref (o r v cc) voltage is then adjusted to provide a 
code change from FErex to FFrex- This completes the ad- 
justment procedure. 

For an example see the Zero-Shift and Span Adjust circuit 
below. 


Zero-Shift and Span Adjust (2 V^V|n^5V) 


(5V dc > 



TL/H/5016-18 
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Differential Voltage Input 9-Bit A/D 

vref 


TL/H/5016-19 


Span Adjust 0 V^V|n^3V 

vcc 

(5V DC ) 



TL/H/5016-20 



Protecting the Input 


v cc 

(5 V DC ) 



High Accuracy Comparators 


5V 



DO = all is if V| N (+)>V| N (— ) 
DO = all Os if V| N (+)<V| N (-) 
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Operating with Automotive Ratiometric Transducers 

v cc 
(5 V DC ) 



TL/H/5016-23 


W in (-) = 0.15V CC 

15% of V CC ^Vxdr^ 85% Of V CC 


Converting 3 Thermocouples with only One Cold-Junction Compensator 



Uses the pseudo-differential mode to keep the differential inputs constant with changes in reference temperature (Tref)- 




Applications Information (Continued) 


A Stand Alone Circuit 



TL/H/5016-25 

Note: DUT pin numbers in parentheses are for ADC0844, others are for ADC0848. 

Start a Conversion without Updating the Channel Configuration 



TL/H/5016-26 

CS*WR will update the channel configuration and start a conversion. 

CS*RD will read the conversion data and start a new conversion without updat- 
ing the channel configuration. 

Waiting for the end of this conversion is not necessary. A CS*WR can immedi- 
ately follow the CS*RD. 
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ADC0844 — INS8039 Interface 

5 V 



SAMPLE PROGRAM FOR ADC0844— INS8039 INTERFACE 
CONVERTING TWO RATIOMETRIC, DIFFERENTIAL SIGNALS 





ORG 

OH 


0000 

0410 


JMP 

BEGIN 

START PROGRAM AT ADDR 10 




ORG 

10H 

MAIN PROGRAM 

0010 

B9 FF 

BEGIN: 

MOV 

R1,#0FFH 

LOAD R1 WITH A UNUSED ADDR 
LOCATION 

0012 

B8 20 


MOV 

R0,#20H 

A/D DATA ADDRESS 

0014 

89 FF 


ORL 

P1,#0FFH 

SET PORT 1 OUTPUTS HIGH 

0016 

23 00 


MOV 

A,00H 

LOAD THE ACC WITH A/D MUX DATA 

CHI AND CH2 DIFFERENTIAL 

0018 

14 50 


CALL 

CONV 

CALL THE CONVERSION SUBROUTINE 

001A 

23 02 


MOV 

A,#02H 1 

LOAD THE ACC WITH A/D MUX DATA 
CH3 AND CH4 DIFFERENTIAL 

001C 

18 


INC 

R0 

INCREMENT THE A/D DATA ADDRESS 

001 D 

14 50 


CALL 

CONV ; 

CALL THE CONVERSION SUBROUTINE 


;CONTINUE MAIN PROGRAM 

;CONVERSION SUBROUTINE 
;ENTRY:ACC — A/D MUX DATA 
;EXIT: ACC— CONVERTED DATA 





ORG 

50H 


0050 

99 FE 

CONV: 

ANL 

P1,#0FEH 

CHIP SELECT THE A/D 

0052 

91 


MOVX 

@R1,A 

LOAD A/D MUX & START CONVERSION 

0053 

09 

LOOP: 

IN 

A,P1 

INPUT INTR STATE 

0054 

32 53 


JB1 

LOOP 

IFWfR = 1 GOTO LOOP 

0056 

81 


MOVX 

A,@R1 

IF INTR = 0 INPUT A/D DATA 

0057 

89 01 


ORL 

P1.&01H 

CLEAR THE A/D CHIP SELECT 

0059 

A0 


MOV 

@R0,A 

STORE THE A/D DATA 

005A 

83 


RET 


RETURN TO MAIN PROGRAM 
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I/O Interface to NSC800 

VCC VREF 



TL/H/5016-28 


SAMPLE PROGRAM FOR ADC0848— NSC800 INTERFACE 


0008 


NCONV 

EQU 

16 


000F 


DEL 

EQU 

15 

DELAY 50 n sec CONVERSION 

001 F 


CS 

EQU 

1FH 

THE BOARD ADDRESS 

3C00 


ADDTA 

EQU 

003CH 

START OF RAM FOR A/D 
DATA 

0000' 

08 09 OA OB 

MUXDTA: 

DB 

08H,09H,0AH,0BH 

MUX DATA 

0004' 

0C0D0E0F 


DB 

0CH,0DH,0EH,0FH 


0008' 

OE IF 

START: 

LD 

C,CS 


OOOA' 

0616 


LD 

B, NCONV 


OOOC' 

21 0000' 


LD 

HL, MUXDTA 


OOOF' 

11 003C 


LD 

DE, ADDTA 


0012' 

ED A3 

STCONV: 

OUTI 


LOAD A/D’S MUX DATA 

AND START A CONVERSION 

0014' 

EB 


EX 

DE.HL 

HL= RAM ADDRESS FOR THE 

A/D DATA 

0015' 

3E OF 


LD 

A, DEL 


0017' 

3D 

WAIT: 

DEC 

A 

WAIT 50 jusec FOR THE 

0018' 

C2 0013' 


JP 

NZ.WAIT 

CONVERSION TO FINISH 

001 B' 

EDA2 


INI 


STORE THE A/D’S DATA 
CONVERTED ALL INPUTS? 

001 D' 

EB 


EX 

DE,HL 


001 E' 

C2 000E' 


JP 

NZ.STCONV 

;IF NOT GOTO STCONV 




END 




Note: This routine sequentially programs the MUX data latch in the signal-ended mode. For CH1-CH8 a conversion is started, then a 50 ju.s wait for the A/D to 
complete a conversion and the data is stored at address ADDTA for CHI, ADDTA + 1 for CH2, etc. 
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Ordering Information 


Temperature 

Range 

Total Unadjusted Error 

MUX 

Channels 

Package 

Outline 

±y 2 LSB 

±1 LSB 

0°C to +70°C 

ADC0844BCN 

ADC0844CCN 

4 

N20A 

Molded Dip 

ADC0848BCN 

ADC0848CCN 

8 

N24C 

Molded Dip 

— 40°C to +85°C 

ADC0844BCJ 

ADC0844CCJ 

4 

J20A 

Cerdip 

ADC0848BCJ 

ADC0848CCJ 

8 

J24F 

Cerdip 

ADC0848BCV 

ADC0848CCV 

8 

V28A 

Molded Chip Carrier 

— 55°Cto + 125°C 

ADC0844BJ 

ADC0844CJ 

4 

J20A 

Cerdip 

ADC0848BJ 

ADC0848CJ 

8 

J24F 

Cerdip 
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National 

Semiconductor 

Corporation 


ADC0852/ADC0854 

Multiplexed Comparator with 8-Bit Reference Divider 


General Description 

The ADC0852 and ADC0854 are CMOS devices that com- 
bine a versatile analog input multiplexer, voltage compara- 
tor, and an 8-bit DAC which provides the comparator’s 
threshold voltage (Vjh). The comparator provides a “1-bit” 
output as a result of a comparison between the analog input 
and the DAC’s output. This allows for easy implementation 
of set-point, on-off or “bang-bang” control systems with 
several advantages over previous devices. 

The ADC0854 has a 4 input multiplexer that can be software 
configured for single ended, pseudo-differential, and full-dif- 
ferential modes of operation. In addition the DAC’s refer- 
ence input is brought out to allow for reduction of the span. 
The ADC0852 has a two input multiplexer that can be con- 
figured as 2 single-ended or 1 differential input pair. The 
DAC reference input is internally tied to Vcc- 
The multiplexer and 8-bit DAC are programmed via a serial 
data input word. Once programmed the output is updated 


once each clock cycle up to a maximum clock rate of 
400 kHz. 

Features 

■ 2 or 4 channel multiplexer 

■ Differential or Single-ended input, software controlled 

■ Serial digital data interface 

■ 256 programmable reference voltage levels 

■ Continuous comparison after programming 

■ Fixed, ratiometric, or reduced span reference capability 
(ADC 0854) 

Key Specifications 

■ Accuracy, ± y 2 LSB or ± 1 LSB of Reference (0.2%) 

■ Single 5V power supply 

■ Low Power, 15 mW 


CLK 



FIGURE 1. ADC0854 Simplified Block Diagram (ADC0852 has 2 input channels, 
COM tied to GND, Vr FF tied to Vqc> V+ omitted, and one GND connection) 


2 Channel and 4 Channel Pin Out 


ADC0852 2-CHANNEL MUX 
Dual-ln-Line Package 


” v cc ( v ref) 
—CLK 
-DO 
— Dl 


TL/H/5521-10 

Top View 

AGND and COM internally connected to GND 
Vref internally connected to Vcc 

Order Number ADC0852 
See NS Package Number J08A or N08E 


cs- 

CH0- 
CH1 — 
GND (COM)- 


ADC0852 


ADC0854 4-CHANNEL MUX 
Dual-ln-Line Package 


cs- 

1 

14 

~ V CC 

CHO- 

2 

13 

— V + 

CHI- 

3 

12 

-Dl 

CH2 — 

4 

ADC0854 1 1 

-CLK 

CH3 — 

5 

10 

-DO 

C0M- 

6 

9 

~ V REF 

DGND — 

7 

8 

-AGND 


TL/H/5521-11 

Top View 

Order Number ADC0854 
See NS Package Number J14A or N14A 
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Absolute Maximum Ratings (Notes i and 2) 

If Military/ Aerospace specified devices are required, Lead Temp. (Soldering, 10 seconds) 

contact the National Semiconductor Sales Office/ Dual-ln-Line Package (plastic) 260°C 

Distributors for availability and specifications. Dual-ln-Line Package (ceramic) 300°C 

Current into V + (Note 3) 1 5 m A ESD Susceptibility (Note 1 4) 2000V 

Supply Voltage, Vcc (Note 3) 6.5V ^ ^ 

voltage Operating Conditions 

Logic and Analog Inputs -0.3V to Vcc + 0.3V Supply Voltage, Vcc 4.5Vpc to 6.3Vdc 

Input Current per Pin ±5 mA Temperature Range Tmin ^ t a ^ T MAX 

Input Current per Package ±20 mA ADC0854BJ, ADC0854CJ -55°C ^ Ta ^ 125°C 

Storage Temperature -65°C to + 150°C ADC0852BJ, ADC0852CJ 

Package Dissipation ADC0854BCJ, ADC0854CCJ -40°C ^ Ta ^ 85°C 

at Ta = 25°C (Board Mount) 0.8W ADC0852BCJ, ADC0852CCJ 

ADC0854BCN, ADC0854CCN 0°C <; T A <: 70°C 

ADC0852BCN, ADC0852CCN 

Electrical Characteristics The following specifications apply for Vcc = V+ = 5V (no V+ on ADC0852), 

Vref ^ Vcc + 0.1V, fcLK = 250 kHz unless otherwise specified. Boldface limits apply from Tmin to t max; all other limits Ta 
= Tj = 25°C. 

Parameter 

Conditions 

ADC0852BCJ/CCJ/BJ/CJ 

ADC0854BCJ/CCJ/BJ/CJ 

ADC0852BCN/CCN 

ADC0854BCN/CCN 

Units 

Typ 

(Note 4) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Typ 

(Note 4) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

CONVERTER AND MULTIPLEXER CHARACTERISTICS 

Total Unadjusted 

Vref Forced to 








Error (Note 7) 

5.000 V DC 








ADC0852/4/BCN 






±Vz 

±y 2 

LSB 

ADC0852/4/BJ/BCJ 



±% 





LSB 

ADC0852/4/CCN 






±1 

±1 

LSB 

ADC0852/ 4/ CJ/CCJ 



±1 





LSB 

Comparator Offset 









ADC0852/4/BCN 


2.5 



2.5 


10 

mV 

ADC0852/4/BJ/BCJ 


2.5 

10 


2.5 



mV 

ADC0852/4/CCN 


2.5 



2.5 


20 

mV 

ADC0852/4/CCJ 


2.5 

20 


2.5 



mV 

Minimum Total Ladder 









Resistance 


3.5 

1.3 


3.5 

1.3 

1.3 

kll 

Maximum Total Ladder 









Resistance 


3.5 

5.9 


3.5 

5.4 

5.9 

kft 

Minimum Common-Mode 

All MUX Inputs 








Input (Note 8) 

and COM Input 


GND-0.05 



GND-0.05 

GND-0.05 

V 

Maximum Common-Mode 

All MUX Inputs 








Input (Note 8) 

and COM Input 


V C c + 0-05 



V CC + 0.05 

W 

O 

d 

+ 

0 

0 

> 

V 

DC Common-Mode Error 


±Vl6 

±% 


±Vl« 

±Va 

±% 

LSB 

Power Supply Sensitivity 

V C c = 5V ±5% 

— Vi 6 

±% 


— Vi 6 

±Va 

±% 

LSB 

Vz, Internal 

15 mA into V-f 








diode MIN 



6.3 



6.3 


V 

breakdown MAX 



8.5 



8.5 


V 

at V+ (Note 3) 









Ioff» Off Channel Leakage 

On Channel = 5 V, 


-1 




-1 

ju,A 

Current (Note 9) 

Off Channel = 0V 


-200 



-200 


nA 


On Channel = 0V, 


+ 1 




+ 1 

/mA 


Off Channel = 5 V 


+200 



+ 200 


nA 
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Electrical Characteristics (Continued) 

The following specifications apply for Vcc = V+ = 5V (no V+ on ADC0852), fcLK = 250 kHz unless otherwise specified. 
Boldface limits apply from Tr/hn to Tmax; all other limits Ta = Tj = 25°C. 


ADC0852BCJ/CCJ/BJ/CJ 
ADC0854BCJ/CCJ/BJ/CJ 

Tested Design 
' Limit Limit 


Typ 

(Note 4) 


I ' 7 (Note 5) (Note 6) 


CONVERTER AND MULTIPLEXER CHARACTERISTICS (Continued) 


Ion. On Channel Leakage 
Current (Note 9) 


On Channel = 5V, 
Off Channel = OV 

On Channel 
Off Channel 




DIGITAL AND DC CHARACTERISTICS 
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AC Characteristics t r = t, = 20 ns, t a = 25 c 


Symbol 

Parameter 

Conditions 

Typ 

(Note 4) 

Tested 

Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

— 

Units 

fCLK 

Clock Frequency 
(Note 12) 

MIN 

MAX 



10 

400 

kHz 

kHz 

*D1 

Rising Edge of Clock 
to “DO” Enabled 


C L = 100 pF 

650 


1000 

ns 

tr 

Comparator Response 
Time (Note 13) 


Not Including 

Addressing Time 



2+1 jllS 

1/fCLK 


Clock Duty Cycle 
(Note 10) 

MIN 

MAX 



40 

60 


% 

% 

tSET-UP 

CS Falling Edge or 
Data Input Valid to 

CLK Rising Edge 

MAX 




250 

ns 

tHOLD 

Data Input Valid after 
CLK Rising Edge 

MIN 




90 

ns 

tpdl • tpdO 

CLK Falling Edge to 
Output Data Valid 
(Note 11) 

MAX 

C L = 100 pF 

i 

650 


1000 

ns 

*1H. *0H 

Rising Edge of CS to 
Data Output Hi-Z 

MAX 

C L = 10 pF, R[_ = 10k 

C L = 100pF,R L = 2k 
(see TRI-STATE Test Circuits) 

125 

500 

250 

500 

ns 

ns 

C|N 

Capacitance of Logic 
Input 



5 



PF 

Gout 

Capacitance of Logic 
Outputs 



5 



PF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Internal zener diodes (approx. 7V) are connected from V+ to GND and Vcc to GND. The zener at V+ can operate as a shunt regulator and is connected 
to Vcc v ' a a conventional diode. Since the zener voltage equals the A/D’s breakdown voltage, the diode ensures that Vcc will be below breakdown when the 
device is powered from V + . Functionality is therefore guaranteed for V + operation even though the resultant voltage at Vcc ma Y exceed the specified Absolute 
Max of 6.5V. It is recommended that a resistor be used to limit the max current into V + . 

Note 4: Typicals are at 25°C and represent most likely parametric norm. 

Note 5: Tested and guaranteed to National AOQL (Average Outgoing Quality Level). 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Total unadjusted error includes comparator offset, DAC linearity, and multiplexer error. It is expressed in LSBs of the threshold DAC’s input code. 

Note 8: For V|n(-)^ V|n(+) the output will be 0. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward conduct for analog input 
voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), as high level analog inputs 
(5V) can cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward 
bias of either diode. This means that as long as the analog Vin or Vref does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vqc to 5 Vcc input voltage range will therefore require a minimum supply voltage of 4.950 Vqc over temperature variations, initial tolerance 
and loading. 

Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range ensures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of 
these limits then 1 .6 juS £ CLK Low £ 60 jj.S and 1.6 fiS ^ CLK HIGH £ . 

Note 1 1: With CS low and programming complete, DO is updated on each falling CLK edge. However, each new output is based on the comparison completed 0.5 
clock cycles prior (see Figure 5). 

Note 12: Error specs are not guaranteed at 400 kHz (see graph: Comparator Error vs. fcLK)- 
Note 13: See text, section 1.2. 

Note 14: Human body model, 100 pF discharged through a 1.5 kfl resistor. 
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Typical Performance Characteristics 


Internal DAC Linearity 



Vbef (Vdc) 


Internal DAC Linearity 
Error vs Temperature 



TEMPERATURE (°C) 


Comparator Error vs fcLK 
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Timing Diagrams 

Data Input Timing 



TRI-STATE Test Circuits and Waveforms 



Leakage Test Circuit 


Ion 


rt 


CHANNEL 
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SELECT 


“O 1 

lOFF 


“CD 1 


CHO (ON) 

CHI' 

ADC0854 

CH2 

• (OFF) 

CH3 
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SELECT I ODD/SG 





8-BIT SHIFT REGISTER EOC fr 


J1 


ONE 

PARALLEL SHOT 
XFR TO L_ 
LATCH 



TO INTERNAL 
CIRCUITRY 



II D F rL — C 



LADDER AND DECODER *=* agnu 

Note 1: For ADC0852; Dl is input directly to the D input of 
ODD/SIGN, select: is forced to a “1”, Aqnd and COM are inter- 
nally tied to Dqnd- only Vcc is brought out, Vref is internally 
tied to Vcc. only CH2 and CH3 are brought out. 


INPUT PROTECTION-ALL LOGIC INPUTS 

FIGURE 2. Detailed Block Diagram 






jSGL/DIFF j ODD/SGN j SELECT | DBO | DB1 | DB2 | DB3 
U PROGRAM MUX 4* PROGRAM 


I DB3 | DB4 I DB5 | DB6 | DB7 : DON ’T CARE 
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■ SGL/DIFF lODD/SGN I DBO I DB1 I DB2 I DB3 I DB4 I DB5 I DB6 I DB7 




-PROGRAM THRESHOLD V TH - 


Note: Valid Output can change only on Falling Edge of CLK. 


FIGURE 3. Timing Diagram 
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Functional Description 

1. 1 The Sampled-data Comparator 

The ADC0852 and ADC0854 utilize a sampled-data com- 
parator structure to compare the analog difference between 
a selected “ + ” and " input to an 8-bit programmable 
threshold. 

This comparator consists of a CMOS inverter with a capaci- 
tively coupled input {Figure 4). Analog switches connect the 
two comparator inputs to the input capacitor and also con- 
nect the inverter’s input and output. This device in effect 
now has one differential input pair. A comparison requires 
two cycles, one for zeroing the comparator and another for 
making the comparison. 


In the first cycle ( Figure 4a), one input switch and the invert- 
er’s feedback switch are closed. In this interval, the input 
capacitor (C) is charged to the connected input (VI) less the 
inverter’s bias voltage (Vb, approx. 1.2 volts). In the second 
cycle {Figure 4b) these two switches are opened and the 
other (V2) input’s switch is closed. The input capacitor now 
subtracts its stored voltage from the second input and the 
difference is amplified by the inverter’s open loop gain. The 

C 

inverter input (Vb’) becomes Vb - (VI - V2) — — — and 

C + Cg 

the output will go high or low depending on the sign of Vb’- 
Vb- 


FIGURE 4. Sampled-Data Comparator 



Vo 


TL/H/5521 -8 


• Vo = Vb 

• Von C = Vi-V B 

• Cg = Stray Input Node Cap. 

• Vb = Inverter Input Bias Voltage 


FIGURE 4a. Zeroing Phase 



TL/H/5521 -9 

FIGURE 4b. Compare Phase 


• V B '-V B = (V 2 -Vl) Q _^Q s 

• Vo = ^^[CVa-CV,] 

• Vq is dependent on V 2 -Vi 



v o = 


Ci + C 2 + Cs 
-A 


(V 2 - V-,) + C 2 (V 4 - V 3 )] 
[A Q Ci + A Q C 2 ] 


Ci + C 2 + C S 

* Comparator Reads Vjh from Internal DAC Differentially 


FIGURE 4c. Multiple Differential Inputs 
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Functional Description (Continued) 

In actual practice, the devices used in the ADC0852/4 are a 
simple but important expansion of the basic comparator de- 
scribed above. As shown in Figure 4c, multiple differential 
comparisons can be made. In this circuit, the feedback 
switch and one input switch on each capacitor (A switches) 
are closed in the first cycle. Then the other input on each 
capacitor is connected while all of the first switches are 
opened. The change in voltage at the inverter’s input, as a 
result of the change in charge on each input capacitor (Cl , 
C2), will now depend on both input signal differences. 

1.2 Input Sampling and Response Time 

The input phases of the comparator relate to the device 
clock (CLK) as shown in Figure 5. Because the comparator 
is a sampling device, its response characteristics are some- 
what different from those of linear comparators. The V|n(+) 
input is sampled first (CLK high) followed by V|n(-) (CLK 
low). The output responds to those inputs, one half cycle 
later, on CLK’s falling edge. 

The comparator’s response time to an input step is depen- 
dent on the step’s phase relation to the CLK signal. If an 
input step occurs too late to influence the most imminent 
comparator decision, one more CLK cycle will pass before 
the output is correct. In effect, the response time for the 
V|n(+) input has a minimum of 1 CLK cycle + 1 fx S and a 
maximum of 2 CLK cycles + 1 jaS. The Vin(-) input’s delay 
will range from 1 /2 CLK cycle + 1 juS to 1 .5 CLK cycles + 
1 juS since it is sampled after V|n( + ). 

The sampled inputs also affect the device’s response to 
pulsed signals. As shown in the shaded areas in Figure 5, 
pulses that rise and/or fall near the latter part of a CLK half- 
cycle may be ignored. 

1.3 Input Multiplexer 

A unique input multiplexing scheme has been utilized to pro- 


vide multiple analog channels with software-configurable 
single-ended, differential, or pseudo-differential operation. 
The analog signal conditioning required in transducer-input 
and other types of data acquisition systems is significantly 
simplified with this type of input flexibility. One device pack- 
age can now handle ground referenced inputs as well as 
signals with some arbitrary reference voltage. 

On the ADC0854, the “common” pin (pin 6) is used as the 
input for all channels in single-ended mode. Since this 
input need not be at analog ground, it can be used as the 
common line for pseudo-differential operation. It may be tied 
to a reference potential that is common to all inputs and 
within the input range of the comparator. This feature is 
especially useful in single-supply applications where the an- 
alog circuitry is biased to a potential other than ground. 

A particular input configuration is assigned during the MUX 
addressing sequence which occurs prior to the start of a 
comparison. The MUX address selects which of the analog 
channels is to be enabled, what the input mode will be, and 
the input channel polarity. One limitation is that differential 
inputs are restricted to adjacent channel pairs. For example, 
channel 0 and 1 may be selected as a differential pair but 
they cannot act differentially with any other channel. 

The channel and polarity selection is done serially via the Dl 
input. A complete listing of the input configurations and cor- 
responding MUX addresses for the ADC0852 and ADC0854 
is shown in tables I and II. Figure 6 illustrates the analog 
connections for the various input options. 

The analog input voltage for each channel can range from 
50 mV below ground to 50 mV above Vcc (typically 5V) 
without degrading accuracy. 



FIGURE 5. Analog Input Timing 
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Functional Description (Continued) 

2.0 THE DIGITAL INTERFACE 

An important characteristic of the ADC0852 and ADC0854 
is their serial data link with the controlling processor. A seri- 
al communication format eliminates the transmission of low 
level analog signals by locating the comparator close to the 
signal source. Thus only highly noise immune digital signals 
need to be transmitted back to the host processor. 

To understand the operation of these devices it is best to 
refer to the timing diagrams {Figure 3) and functional block 
diagram {Figure 2) while following a complete comparison 
sequence. 

1. A comparison is initiated by first pulling the CS (chip se- 
lect) line low. This line must be held low for the entire ad- 
dressing sequence and comparison. The comparator then 
waits for a start bit, its MUX assignment word, and an 8-bit 
code to set the internal DAC which supplies the compara- 
tor’s threshold voltage (Vjh)- 

2. An external clock is applied to the CLK input. This clock 
can be applied continuously and need not be gated on and 
off. 

3. On each rising edge of the clock, the level present on the 
Dl line is clocked into the MUX address shift register. The 
start bit is the first logic “1” that appears on this line. All 
leading zeroes are ignored. After the start bit, the ADC0852 
expects the next 2 bits to be the MUX assignment word 
while the ADC0854, with more MUX configurations, looks 
for 3 bits. 

4. Immediately after the MUX assignment word has been 
clocked in, the shift register then reads the next eight bits as 
the input code to the internal DAC. This eight bit word is 
read LSB first and is used to set the voltage applied to the 
comparator’s threshold input (internal). 

5. After the rising edge of the 1 1th or 12th clock (ADC0852 
or ADC0854 respectively) following the start bit, the com- 
parator and DAC programming is complete. At this point the 
Dl line is disabled and ignores further inputs. Also at this 
time the data out (DO) line comes out of TRI-STATE and 
enters a don’t care state (undefined output) for 1.5 clock 
cycles. 

6. The result of the comparison between the programmed 
threshold voltage and the difference between the two se- 
lected inputs (V||\j (+) — V|n (— )) is output to the DO line on 
each subsequent high to low clock transition. 

7. After programming, continuous comparison on the same 
selected channel with the same programmed threshold can 


be done indefinitely, without reprogramming the device, as 
long as CS remains low. Each new comparator decision will 
be shifted to the output on the falling edge of the clock. 
However, the output will, in effect, “lag” the analog input by 
0.5 to 1 .5 clock cycles because of the time required to make 
the comparison and latch the output (see Figure 5). 

8. Ail internal registers are cleared when the CS line is 
brought high. If another comparison is desired CS must 
make a high to low transition followed by new address and 
threshold programming. 

3.0 REFERENCE CONSIDERATIONS / RATIOMETRIC 
OPERATION 

The voltage applied to the “Vref” input °f the DAC defines 
the voltage span that can be programmed to appear at the 
threshold input of the comparator. The ADC0854 can be 
used in either ratiometric applications or in systems with 
absolute references. The Vref P in must be connected to a 
source capable of driving the DAC ladder resistance (typ. 
2.4 kfi) with a stable voltage. 

In ratiometric systems, the analog input voltage is normally 
a proportion of the DAC’s or A/D’s reference voltage. For 
example, a mechanical position servo using a potentiometer 
to indicate rotation, could use the same voltage to drive the 
reference as well as the potentiometer. Changes in the val- 
ue of Vref would not affect system accuracy since only the 
relative value of these signals to each other is important. 
This technique relaxes the stability requirements of the sys- 
tem reference since the analog input and DAC reference 
move together, thus maintaining the same comparator out- 
put for a given input condition. 

In the absolute case, the Vref input can be driven with a 
stable voltage source whose output is insensitive to time 
and temperature changes. The LM385 and LM336 are good 
low current devices for this purpose. 

The maximum value of Vref is limited to the Vcc supply 
voltage. The minimum value can be quite small (see typical 
performance curves) allowing the effective resolution of the 
comparator threshold DAC to also be small (Vref = 0.5V, 
DAC resolution = 2.0 mV). This in turn lets the designer 
have finer control over the comparator trip point. In such 
instances however, more care must be taken with regard to 
noise pickup, grounding, and system error sources. 



TL/H/5521 -16 


a) Ratiometric 


b) Absolute with a Reduced Span 


FIGURE 7. Referencing Examples 
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Functional Description (Continued) 

4.0 ANALOG INPUTS 

4. 1 Differential Inputs 

The serial interface of the ADC0852 and ADC0854 allows 
them to be located right at the analog signal source and to 
communicate with a controlling processor via a few fairly 
noise immune digital lines. This feature in itself greatly re- 
duces the analog front end circuitry often needed to main- 
tain signal integrity. Nevertheless, a few words are in order 
with regard to the analog inputs should the input be noisy to 
begin with or possibly riding on a large common mode volt- 
age. 

The differential input of the comparator actually reduces the 
effect of common-mode input noise, i.e. signals common to 
both selected “ + ” and inputs such as 60 Hz line 
noise. The time interval between sampling the “ + ” input 
and then the “ — ” input is y 2 of a clock period (see Figure 
5). 

The change in the common-mode voltage during this short 
time interval can cause comparator errors. For a sinusoidal 
common-mode signal this error is: 

VeRROR (MAX) = Vpeak (2tt fciy|/2 fcLK) 

where fcM is the frequency of the common-mode signal, 

Vpeak is its peak voltage value, and fcLK is the DAC clock 

frequency. 

For example, 1 Vpp 60 Hz noise superimposed on both 
sides of a differential input signal would cause an error (re- 
ferred to the input) of 0.75 mV. This amounts to less than 
V25 of an LSB referred to the threshold DAC, (assuming 
V REF = 5V and f C LK = 250 kHz). 

4. 2 Input Currents and Filtering 

Due to the sampling nature of the analog inputs, short 
spikes of current enter the “ + ” input and leave the “ — ” at 
the clock edges during a comparison. These currents decay 
rapidly and do not cause errors as the comparator is 
strobed at the end of the clock period (see Figure 5). 

The source resistance of the analog input is important with 
regard to the DC leakage currents of the input multiplexer. 
The worst-case leakage currents of ± 1 juA over tempera- 
ture will create a 1 mV input error with a 1 kfl source 

Typical Applications 
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FIGURE 8. An On-Chip Shunt Regulator Diode 


resistance. An op-amp RC active low pass filter can provide 
both impedance buffering and noise filtering should a high 
impedance source be required. 

4. 3 Arbitrary Analog Input/Reference Range 

The total span of the DAC output and hence the compara- 
tor’s threshold voltage is determined by the DAC reference. 
For example, if Vref is set to 1 volt then the comparator’s 
threshold can be programmed over a 0 to 1 volt range with 
8 bits of resolution. From the analog input’s point of view, 
this span can also be shifted by applying an offset potential 
to one of the comparator’s selected analog input lines (usu- 
ally “-”). This gives the designer greater control of the 
ADC0852/4’s input range and resolution and can help sim- 
plify or eliminate expensive signal conditioning electronics. 
An example of this capability is shown in the “Load Cell 
Limit Comparator” of Figure 15. In this circuit, the ADC0852 
allows the load-cell signal conditioning to be done with only 
one dual op-amp and without complex, multiple resistor 
matching. 

5.0 POWER SUPPLY 

A unique feature of the ADC0854 is the inclusion of a 7 volt 
zener diode connected from the “V+” terminal to ground 
(i Figures 2 and 8) “V + ” also connects to “Vcc” via a silicon 
diode. The zener is intended for use as a shunt voltage 
regulator to eliminate the need for additional regulating 
components. This is especially useful if the ADC0854 is to 
be remotely located from the system power source. 

An important use of the interconnecting diode between V+ 
and Vcc is shown in Figures 10 and 1 1. Here this diode is 
used as a rectifier to allow the Vcc supply for the converter 
to be derived from the comparator clock. The low device 
current requirements and the relatively high clock frequen- 
cies used (10 kHz-400 kHz) allows use of the small value 
filter capacitor shown. The shunt zener regulator can also 
be used in this mode however this requires a clock voltage 
swing in excess of 7 volts. Current limiting for the zener is 
also needed, either built into the clock generator or through 
a resistor connected from the clock to V+. 


12V 
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FIGURE 9. Using the ADC0854 as the 
System Supply Regulator 
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Typical Applications (Continued) 


5V 

ov 



FIGURE 10. Generating Vcc from the Comparator Clock 



and Power on One Wire 




FIGURE 13. One Component Window Comparator 

Requires no additional parts. Window comparisons can be accomplished by 
inputting the upper and lower window limits into Dl on successive compari- 
sons and observing the two outputs: 

Two high outputs — *■ input > window 
Two low outputs — ► input < window 
One low and one high — > input is within window 


TL/H/5521 -22 
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Typical Applications (Continued) 


110 Vac 



Note 1: ADC0854 does not require constant service from computer. Self controlled after one write to Dl if CS remains low. 
Note 2: U-j: Solid State Relay, Potter Brumfield #EOM1DB22 
Note 3: Set Temp via. Dl. Range: 0 to 125°C 


330 



FIGURE 15. Load Cell Limit Comparator 

• Differential Input eliminates need for instrumentation amplifier 

• A total of 4 load cells can be monitored by ADC0854 


TL/H/5521-23 


TL/H/5521-24 


3-202 




3-203 








ADC0852/ ADC0854 


Typical Applications (Continued) 
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Ordering Information 


Part Number 

Analog Input 
Channels 

Total 

Unadjusted Error 

Package 

Temperature 

Range 

ADC0852BJ 



J08A 

— 55°C to + 1 25°C 

ADC0852BCJ 


±y 2 


— 40°C to +85°C 

ADC0852BCN 

2 

N08E 

0°C to 70°C 

ADC0852CCJ 


±i 

J08A 

— 40°C to +85°C 

ADC0852CCN 



N08E 

0°Cto 70°C 

ADC0854BJ 



J14A 

— 55°C to + 1 25°C 

ADC0854BCJ 


±y 2 


— 40°C to + 85°C 

ADC0854BCN 

4 

N14A 

0°C to 70°C 

ADC0854CCJ 


±i 

J14A 

— 40°C to +85°C 

ADC0854CCN 



N14A 

0°Cto 70°C 
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National 

Semiconductor 

Corporation 


ADC1001, ADC1021 10-Bit /xP Compatible A/D Converters 


General Description 

The ADC1001 and ADC1021 are CMOS, 10-bit successive 
approximation A/D converters. The 20-pin ADC1001 is pin 
compatible with the ADC0801 8-bit A/D family. The 10-bit 
data word is read in two 8-bit bytes, formatted left justified 
and high byte first. The six least significant bits of the sec- 
ond byte are set to zero, as is proper for a 16-bit word. 

The 24-pin ADC1021 outputs 10 bits parallel and is intended 
for interface to a 16-bit data bus. 

Differential inputs provide low frequency input common 
mode rejection and allow offsetting the analog range of the 
converter. In addition, the reference input can be adjusted 
enabling the conversion of reduced analog ranges with 10- 
bit resolution. 

Features 

■ ADC1001 is pin compatible with ADC0801 series 8-bit 
A/D converters 

■ Compatible with NSC800 and 8080 jmP derivatives — no 
interfacing logic needed 


■ Easily interfaced to 6800 /xP derivatives with minimal 
external logic 

■ Differential analog voltage inputs 

■ Logic inputs and outputs meet both MOS and TTL volt- 

age level specifications 

■ Works with 2.5V (LM336) voltage reference 

■ On-chip clock generator 

■ 0V to 5V analog input voltage range with single 5V sup- 
ply 

■ Operates ratiometrically or with 5 Vpc. 2.5 Vpc» or ana- 
log span adjusted voltage reference 

■ 0.3" standard width 20-pin DIP package or 24 pins with 
10-bit parallel output 


Key Specifications 

■ Resolution 

■ Linearity error 

■ Conversion time 


10 bits 
±1 LSB 
200jutS 


Connection Diagrams 

ADC 1001 (for an 8-bit data bus) 
Dual-In-Line Package 


CS- 

V 

1 

20 

-V cc (0R V REF 

RD- 

2 

19 

-CLK R 

WR- 

3 

18 

- BIT 2 

CLK IN- 

4 

17 

- BIT 3 

INTR- 

5 

16 

- BIT 4 

V| N ( + )- 

6 

15 

— BIT 5 

W- 

7 

14 

- BIT 6 

A GND — 

8 

13 

- BIT 7 

V REF/ 2 “ 

9 

12 

- BIT 8 

D GND- 

10 

11 

- (MSB) BIT 9 
1§I BYTE 


Top View 


Ordering Information 

Temperature Range 

Order Number AC 

Package Outline 


0°C to +70°C 


ADC1021 (for all 10-bit outputs In parallel) 
Dual-In-Line Package 


CS- 1 
RD- 2 
WR — 3 
CLK IN- 4 
INTR- 5 
V, N (+)- 6 
V|nW“ 7 
A GND— 8 
Vref/2- 9 
BIT 1- 10 
(LSB) BIT 0-11 


1 



24 

2 

23 

3 

22 

4 

21 

5 

20 

6 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


Top View 

output buffers which out| 

— 40°C t( 


24 r” v cc(° R v ref) 


13l — BIT9 (MSB) 


ADC1001CCJ-1 

J20A 


ADC1021CCJ-1 


J24A 


ADC1001CCJ 


J20A 


ADC1021CCJ 


J24A 
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Operating Conditions (Notes 1 & 2) 


Temperature Range 
ADC1001CCJ 
ADC1021CCJ 
ADC1001CCJ-1 
ADC1021CCJ-1 
Range of V C c 


Tmin ^T a ^Tmax 

-40°C^T a ^+85°C 
0°C^T a ^+ 70°C 
4.5 Vpc to 6.3 Vqc 


Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vcc) (Note 3) 6.5V 

Logic Control Inputs - 0.3V to 4-1 8 V 

Voltage at Other Inputs and Outputs -0.3V to (Vcc+ 0.3V) 
Storage T emperature Range - 65°C to 4- 1 50°C 

Package Dissipation at T A = 25°C 875 mW 

Lead Temp. (Soldering, 10 seconds) 300°C 

ESD Susceptibility (Note 1 0) 800V 


Converter Characteristics 

Converter Specifications: Vcc =5 Vpc. Vref/ 2 = 2.500 v dc. T MIN^ T A^ T MAX an d fcLK =410 kHz unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

— 

Units 

ADC1001C, ADC1021C: 






Linearity Error 




±1 

LSB 

Zero Error 




±2 

LSB 

Full-Scale Error 




±2 

LSB 

Total Ladder Resistance (Note 9) 

Input Resistance at Pin 9 

2.2 

4.8 


KH 

Analog Input Voltage Range 

(Note 4) V(+)orV(— ) 

GND-0.05 


Vcc + 0.05 

Vdc 

DC Common-Mode Error 

Over Analog Input Voltage Range 


±Va 


LSB 

Power Supply Sensitivity 

Vcc = 5 Vdc + 5% Over 

Allowed V|n( 4-) and Vin(-) 

Voltage Range (Note 4) 


— Vq 


LSB 


AC Electrical Characteristics 

Timing Specifications: Vcc =5 Vdc ar >d Ta= 25 °C unless otherwise specified. 


Symbol 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Conversion Time 


(Note 5) 
fCLK = 410 kHz 


82 

200 


89 

217 


1 /fCLK 
JLtS 


fCLK 


Clock Frequency 


(Note 8) 


100 


1260 


kHz 


Clock Duty Cycle 


40 


60 


CR 


Conversion Rate In Free-Running 
Mode 


INTR tied to WR with 
CS = 0V DC , f C LK~410 kHz 


4600 


conv/s 


tW(WR)L 


Width of WR Input (Start Pulse 
Width) 


cs=0 V DC (Note 6) 


150 


*ACC 


Access Time (Delay from 
Falling Edge of RD to Output 
Data Valid) 


C L =100 pF 


170 


300 


tlH. * 0 H 


TRI-STATE® ControUDelay 
from Rising Edge of RD to 
Hi-Z State) 


C L = 10 pF, R L = 10k 
(See TRI-STATE Test 
Circuits) 


125 


200 


twi> *R| 


Delay from Falling Edge 
of WR or RD to Reset of INTR 


300 


450 


INTR to 1 st Read Set-Up Time 


550 


400 


C|N 


Input Capacitance of Logic 
Control Inputs 


7.5 


PF 


C OUT 


TRI-STATE Output 
Capacitance (Data Buffers) 


7.5 


PF 
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DC Electrical Characteristics 

The following specifications apply for Vcc=5 Vdc and Tmin^ t a^ t max. unless otherwise specified. 


Parameter 

Conditions 


Typ 



CONTROL INPUTS [Note: CLK IN is the input of a Schmitt trigger circuit and is therefore specified separately] 

V|N (D 

Logical “1” Input Voltage 
(Except CLK IN) 

Vcc = 5.25 Vdc 



15 

Vdc 

V| N (0) 

Logical “0” Input Voltage 
(Except CLK IN) 

Vcc = 4.75 Vdc 



0.8 

Vdc 

IlN (D 

Logical “1” Input Current 
(All Inputs) 

V|n=5 V D c 


0.005 

1 

/*Adc 

■in (0) 

Logical “0” input Current 
(All Inputs) 

V| N =0 V D c 

H 



P-Adc 

CLOCK IN 

v T + 

CLK IN Positive Going 
Threshold Voltage 


2.7 

3.1 


Vdc 

v T - 

CLK IN Negative Going 
Threshold Voltage 


1.5 

1.8 

2.1 

Vdc 

v h 

CLK IN Hysteresis 
(V T + )-(V T -) 


0.6 

1.3 



OUTPUTS AND INTR 

Vout(0) 

Logical “0” Output Voltage 

•out = 1 -5 mA, Vcc = 4.75 Vdc 



0.4 

Vdc 

VoutO) 

Logical “1 ” Output Voltage 

l 0 = -360 jaA, V CC =4.75 V DC 
l o =-10fiA,V C c=4.75 V DC 

2.4 

4.5 



o o 

> > 

•out 

TRI-STATE Disabled Output 
Leakage (All Data Buffers) 

|o 

> Q 
^ > 
o in 

II II 

n§ 



m a dc 

M-Adc 

•source 


Vqut Short to GND, T A = 25°C 

mm 

6 


itiAdc 



Vqut Short to Vqc, Ta=25°C 

9.0 

16 


mAoc 

POWER SUPPLY 

•cc 

Supply Current (Includes 
Ladder Current) 

fcLK=410 kHz, 

V ref /2 = NC, T a = 25°C 
and CS= 1 


2.5 

5.0 

H 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. The separate A GND point should always be wired to the D GND. 

Note 3: A zener diode exists, internally, from Vcc to GND and has a typical breakdown voltage of 7 Vdc- 

Note 4: For V|n(-)^ V|n(+) the digital output code will be all zeros. Two on-chip diodes are tied to each analog input (see Block Diagram) which will forward 
conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4.5V), 
as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near fullscale. The 
spec allows 50 mV forward bias of either diode. This means that as long as the analog V iN does not exceed the supply voltage by more than 50 mV, the output 
code will be correct. To achieve an absolute 0 Vqc to 5 Vcc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature 
variations, initial tolerance and loading. 

Note 5: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start the conversion process. The 
start request is internally latched, see Figure 1. 

Note 6: The CS input is assumed to bracket the WR strobe input and therefore timing is dependent on the WR pulse width. An arbitrarily wide pulse width will hold 
the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see Timing Diagrams). 

Note 7: All typical values are for Ta=25°C. 

Note 8: Accuracy is guaranteed at fciK~ 410 kHz. At higher clock frequencies accuracy can degrade. 

Note 9: The Vref/2 P' n is the center point of a two resistor divider (each resistor is 2.4kfl) connected from Vcc to ground. Total ladder input resistance is the sum 
of these two equal resistors. 

Note 10: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 



4.50 4.75 5.00 5.25 5.50 

V CC - SUPPLY VOLTAGE (Vqq) 


Delay From Falling Edge of 
RD to Output Data Valid 



0 200 400 600 800 1000 

LOAD CAPACITANCE (pF) 


CLK IN Schmitt Trip Levels 



4.50 4.75 5.00 5.25 5.50 

V CC - SUPPLY VOLTAGE (V DC ) 



Output Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


TL/H/5675-2 


TRI-STATE Test Circuits and Waveforms 

*1H 


V C c 



DATA 

OUTPUT 


TL/H/5675-3 


*1H> C L =10pF 
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ADC1001/ADC1021 


Timing Diagrams 


START 

CONVERSION 

0 \ / 


\ — i 


ACTUAL INTERNAL 
STATUS OF THE 
CONVERTER 


tW|V?R)L 


"NOT BUSY" 


/ 


"BUSY" 


\ 


DATA IS VALID IN 
OUTPUT LATCHES 


1 TO 8 x 1/f CLK 


INTERNAL T C 


(LASTOATA WAS READ) 


iNTfi 


(LASTOATA WAS NOT READ) 


7 


\ 


INT ASSERTED 


h— 1/2TCLK 


TL/H/5675-7 


Output Enable and Reset INTR 



TL/H/5675-8 

The 24-pin ADC1021 outputs all 10 bits on each RD. 

Note: All timing is measured from the 50% voltage points. 


BYTE SEQUENCING FOR THE 20-PIN ADC1001 


Byte 

Order 

8-Bit Data Bus Connection 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 

1st 

MSB 
Bit 9 

Bit 8 

Bit 7 

Bit 6 

Bit 5 

Bit 4 

Bit 3 

Bit 2 

2nd 

Bit 1 

LSB 

BitO 

0 

0 

0 

0 

0 

0 
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Functional Description 

The ADC1001, ADC1021 use an advanced potentiometric 
resistive ladder network. The analog inputs, as well as the 
taps of this ladder network, are switched into a weighted 
capacitor array. The output of this capacitor array is the in- 
put to a sampled data comparator. This comparator allows 
the successive approximation logic to match the analog dif- 
ference input voltage [V|n( + )-V|n(-)] to taps on the R 
network. The most significant bit is tested first and after 1 0 
comparisons (80 clock cycles) a digital 10-bit binary code 
(all “1”s= full-scale) is transfer red to an output latch and 
then an interrupt is asserted (INTR makes a high-to-low 
transition). The devic e may be operated in the free-running 
mode by connecting INTR to the WR inut with CS=0. To 
ensure start-up under all possible conditions, an external 
WR pulse is required during the first power-up cycle. A con- 
version in process can be interrupted by issuing a second 
start command. 

On the high-to-low transition of the WR input the internal 
SAR latches and the shift register stages are reset. As long 
as the CS input and WR input remain low, the A/D will re- 
main in a reset state. Conversion will start from 1 to 8 dock 
periods after at least one of these inputs makes a low-to- 
high transition. 

A functional diagram of the A/D converter is shown in Fig- 
ure 1 . All of the inputs and outputs are shown and the major 
logic control paths are drawn in heavier weight lines. 

The conversion is initialized by taking CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 8-bit shift register, resets the Inter- 
rupt (INTR) F/F and inputs a “1” to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this “1” to the Q output of F/F1. The 
AND gate, G1, combines this “1” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either WR or CS is a “1 ”) the start F/F is 
reset and the 10-bit shift register then can have the “1” 



TL/H/5675-9 

NOTE: V|n(-) should be biased so 
that V|n(-)^ -0.05V when potentiometer 
wiper is set at most negative 
voltage position. 

FIGURE 2. Zero Adjust Circuit 


clocked in, which allows the conversion process to contin- 
ue. If the set signal were to still be present, this reset pulse 
would have no effect and the 10-bit shift register would con- 
tinue to be he\6_ in the reset mode. This logic therefore al- 
lows for wide CS and WR signals and the converter will start 
after at least one of these signals returns high and the inter- 
nal clocks again provide a reset signal for the start F/F. 
After the “1” is clocked through the 10-bit shift register 
(which completes the SAR search) it causes the new digital 
word to transfer to the TRI-STATE output latches. When 
this XFER signal makes a high-to-low transition the one 
shot fires, s etting the INTR F/F. An inverting buffer then 
supplies the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
aproximately 400 ns. If the data outpu t is co ntinuously en- 
abled (CS and RD both held low), the INTR output will still 
signal the end of t he c onversion (by a high-to-low tran- 
sition), because the SET input can control the Q output of 
the INTR F/F ev en tho ugh the RESET input is constantly at 
a “1” level. Thi s INT R output will therefore stay low for the 
duration of the SET signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 

Zero and Full-Scale Adjustment 

Zero error can be adjusted as shown in Figure 2. V|n(+) is 
forced to +2.5 mV (+y 2 LSB) and the potentiometer is 
adjusted until the digital output code changes from 00 0000 
0000 to 00 0000 0001. 

Full-scale is adjusted as shown in Figure 3, with the Vref/ 2 
input. With Vin ( + ) forced to the desired full-scale voltage 
less iy 2 LSBs (V FS -iy 2 LSBs), Vref/ 2 is adjusted until 
the digital output code changes from 11 1111 1110 to 11 
1111 1111. 



FIGURE 3. Full-Scale Adjust 


3 
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Typical Application 



Block Diagram 



T = OUTPUT ENABLE 


Note 1: CS shown twice for clarity. TL/H/5675-13 

Note 2: SAR= Successive Approximation Register. FIGURE 1 
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National 

Semiconductor 

Corporation 


ADC1005, ADC1025 10-Bit juP Compatible A/D Converters 


General Description 

The ADC1005 and ADC1025 are CMOS 10-bit successive 
approximation A/D converters. The 20-pin ADC1005 out- 
puts 10-bit data in a two-byte format for interface with 8-bit 
microprocessors. 

The 24-pin ADC1025 outputs 10 bits in parallel and is in- 
tended for 16-bit data buses or stand-alone applications. 
Both A-to-Ds have differential inputs to permit rejection of 
common-mode signals, allow the analog input range to be 
offset, and also to permit the conversion of signals not re- 
ferred to ground. In addition, the reference voltage can be 
adjusted, allowing smaller voltage spans to be measured 
with 10-bit resolution. 

Features 

■ Easy interface to all microprocessors 

■ Differential analog voltage inputs 

Connection Diagrams 

ADC 1005 (for an 8-bit data bus) 

Dual-ln-Line Package 


WR- 

3 

18 

BIT 2 

CLK IN — 

4 

17 

- BIT 3 

INTR- 

5 

16 

- BIT 4 

V IN(+)“ 

6 

15 

- BIT 5 

V IN(-)- 

7 

14 

- BIT 6 

AGND — 

8 

13 

- BIT 7 

V REF“ 

9 

12 

- BIT 8 

DGND- 

10 

11 

-(MSB) BIT 9 


Top View 


ADC1005 Molded Chip Carrier Package 


■ Operates ratiometrically or with 5 Vdc voltage refer- 
ence or analog span adjusted voltage reference 

b 0V to 5V analog input voltage range with single 
5 V supply 

■ On-chip clock generator 

■ TLL/MOS input/output compatible 

■ 0.3" standard width 20-pin DIP or 24-pin DIP with 10- 
bit parallel output 

■ Available in 20-pin or 28-pin molded chip carrier 
package 


Key Specifications 

n Resolution 
b Linearity Error 
■ Conversion Time 


10 bits 

±y 2 LSB and ±1 LSB 
50 fis 


ADC1025 (10-bit parallel outputs) 
Dual-ln-Line Package 


^ 

1 

y — 

24 

2 

23 

3 

22 

4 

21 

5 

20 

6 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


(LSB)BITO— 11 14 — BIT8 

DGND-12 13 —BIT 9 (MSB) 

TL/ 

Top View 

ADC 1025 Molded Chip Carrier Package 


13 -BIT 7/0 
12 -BIT 8/BIT 0 (LSB) 
11 - (MSB) BIT 9/BIT 1 
10 — DGND 
9 -V REF 


25 24 23 22 21 20 19 


14 1 — DGND 
1 3 1— BIT 0 


. 5 6 7 8 9 10 11 


Top View 

TRI-STATE® output buffers which output 0 during RD 


See Ordering Information 


Top View 
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ADC 1005/ADC 1025 


Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (Vcc) 6.5V 

Logic Control Inputs - 0.3V to + 1 5V 

Voltage at Other Inputs and Outputs -0.3V to Vcc + 0.3 V 
Input Current Per Pin 
Input Current Per Package 
Storage Temperature Range 
Package Dissipation at T A = 25°C 
Lead Temperature 
(Soldering, 1 0 seconds) 

Dual-In-Line Package (Plastic) 

Dual-1 n-Line Package (Ceramic) 

Surface Mount Package 

Vapor Phase (60 seconds) 21 5°C 

Infrared (1 5 seconds) 220°C 

ESD Susceptibility (Note 8) 800V 


Electrical Characteristics The following specifications apply for Vcc — 5V, Vref = 5 V, fcLK = 1 .8 MHz 
unless otherwise specified. Boldface limits apply from T^in to Tmax; All other limits T A = Tj = 25°C. 


±5 mA 
±20 mA 
— 65°C to +150°C 
875 mW 


260° C 
300°C 


Operating Ratings (Notes 1 & 2) 

Supply Voltage (Vcc) 4.5V to 6.0V 

Temperature Range Tmn^ t a^ t max 

ADC1005BJ, ADC1005CJ -55°C<;T A ^ + 125°C 
ADC1025BJ, ADC1025CJ 

ADC1005BCJ, ADC1 005CCJ -40°C<;T A <£ + 85°C 

ADC1025BCJ, ADC1025CCJ 

ADC1 005BCJ-1 , ADC1 005CCJ-1 0°C^T A ^70°C 

ADC1025BCJ-1, ADC1025CCJ-1 

ADC1005BCN, ADC1005CCN 

ADC1025BCN, ADC1 025CCN 

ADC1005BCV, ADC1 005CCV 

ADC1025BCV, ADC1025CCV 


Parameter 


Conditions 

ADC10X5BJ, ADC10X5BCJ 
ADC10X5CJ, ADC10X5CCJ 

ADC10X5BCJ-1, ADC10X5CCJ-1 
ADC10X5BCN, ADC10X5CCN 
ADC10X5BCV, ADC10X5CCV 

Limit 


Typ 

(Note 5) 

Tested 

Design 

Typ 

(Note 5) 

Tested 

Design 

Units 




Limit 
(Note 6) 

Limit 
(Note 7) 

Limit 
(Note 6) 

Limit 
(Note 7) 


Converter Characteristics | 

Linearity Error (Note 3) 
ADC10X5BJ, ADC10X5BCJ 




±0.5 





LSB 

ADC10X5BCJ-1, BCN, BCV 







±0.5 

±0.5 

LSB 

ADC10X5CJ, ADC1 0X5CCJ 




±1 





LSB 

ADC10X5CCJ-1 , CCN, CCV 







±1 

±1 

LSB 

Zero Error 

ADC10X5BJ, ADC10X5BCJ 



■ 

±0.5 





LSB 

ADC10X5BCJ-1, BCN, BCV 







±0.5 

±0.5 

LSB 

ADC10X5CJ, ADC10X5CCJ 



■ ■ 

±1 





LSB 

ADC10X5CCJ-1, CCN, CCV 







±1 

±1 

LSB 

Fullscale Error 

ADC10X5BJ, ADC1 0X5BCJ 



■ 

±0.5 





LSB 

ADC10X5BCJ-1, BCN, BCV 







±0.5 

±0.5 

LSB 

ADC1 0X5CJ, ADC1 0X5CCJ 



■ 

±1 





LSB 

ADC1 0X5CCJ-1 , CCN, CCV 



m 




±1 

±1 

LSB 

Reference 

MIN 


4.8 

2.2 


4.8 

2.4 

2.2 

kSl 

Input 

Resistance 

MAX 


4.8 

8.3 


4.8 

7.6 

8.3 

kf l 

Common-Mode 




V C c + 0.05 



in 

o 

o 

+ 

o 

o 

> 

V cc + 0.05 

V 

Input (Note 4) 



GND-0.05 



GND-0.05 

GND-O.05 

V 

DC Common-Mode 

Error 

Over Common-Mode 
Input Range 

±y 8 





±% 


Power Supply Sensitivity 

V C c = 5V DC ±5% 
Vref = 4.75V 

±Vb 

±% 




±'A 
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Electrical Characteristics (Continued) The following specifications apply for Vcc = 5V, Vref = 5V, fcLK = 

1.8 MHz unless otherwise specified. Boldface limits apply from Tmin t0 T MAXJ AI1 other limits T A = Tj = 25°C. 

Parameter 

Conditions 

ADC10X5BJ, ADC10X5BCJ 
ADC10X5CJ, ADC10X5CCJ 

ADC10X5BCJ-1, ADC10X5CCJ-1 
ADC10X5BCN, ADC10X5CCN 
ADC10X5BCV, ADC10X5CCV 

Limit 

Units 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

DC Characteristics j 

V|N(i) Logical “1” Input 

Voltage MIN 

Vcc = 5.25V 
(except CLKin ) 


2.0 



2.0 

2.0 

V 

V|N(o)i Logical “0” Input 

Voltage MAX 

V CC = 4.75V 
(Except CLKin ) 


0.8 



0.8 

0.8 

V 

IlN, Logical “1” Input 

Current MAX 

V| N = 5.0V 

0.005 

1 


0.005 

1 

1 

jaA 

Ills), Logical “0” Input 

Current MAX 

V IN = 0V 

-0.005 

-1 


-0.005 

-1 

-1 

jaA 

V T+(MIN). Minimum CLKin 
P ositive going Threshold 

Voltage 


3.1 

2.7 


3.1 

2.7 

2.7 

V 

V T (maX)» Maximum CLKin 
P ositive going Threshold 

Voltage 


3.1 

3.5 


3.1 

3.5 

3.5 

V 

Vt-(MIN). Minimum CLKin 
Negative going Threshold 
Voltage 


1.8 

1.5 


1.8 

1.5 

1.5 

V 

Vt-(max). Maximum CLKin 
N egative going Threshold 
Voltage 


1.8 

2.1 


1.8 

2.1 

2.1 

V 

V H (min). Minimum CLKin 
H ysteresis (Vj+ -Vy-) 


1.3 

0.6 


1.3 

0.6 

0.6 

V 

Vh(MAX). Maximum CLK| N 
Hysteresis (Vt+-Vj-) 


1.3 

2.0 


1.3 

2.0 

2.0 

V 

VoUT(i)» Logical “1” 

Output Voltage MIN 

V CC = 4.75 V 
•0UT = ~360 jaA 
l0UT = -10 jaA 


2.4 

4.5 



2.8 

4.6 

2.4 

4.5 

V 

V 

Vout( 0 ). Logical “0” 

Output Voltage MAX 

V C C = 4.75 V 
!out = 1-5 mA 


0.4 



0.34 

0.4 

V 

Iout« TRI-STATE Output 

Current MAX 

VOUT = W 

v OUT = 5V 

-0.01 

0.01 

~3 

3 


-0.01 

0.01 

-0.3 

0.3 

-3 

3 

< < 

^SOURCE* Output Source 

Current MIN 

v OUT = °V 

-14 

-6.5 


-14 

-7.5 

-6.5 

mA 

Isink> Output Sink 

Current MIN 

Vout =5 v 

16 

8.0 


16 

9.0 

8.0 

mA 

Ice. Supply Current 

MAX 

fCLK = 1 -8 MHz 
CS = “1 M 

1.5 

3 

i 

1.5 

2.5 

3 

mA 

AC EICCtriCal Characteristics The following specifications apply for Vcc = 5V, Vref = 5V, t r = tf = 20 ns 
unless otherwise specified. Boldface limits apply from Tmin to TmaxJ a|1 other limits Ta = Tj = 25°C. 

Parameter 

Conditions 

Typ 

(Note 5) 

Tested 

Limit 
(Note 6) 

Design 

Limit 
(Note 7) 

Limit 

Units 

fdK. Clock FrequencyMIN 

MAX 



0.2 

2.6 

0.2 

2.6 

MHz 

MHz 

Clock Duty Cycle MIN 

MAX 



40 

60 

40 

60 

% 

% 
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AC Electrical Characteristics The following specifications apply for Vcc = 5V, Vref = 5V, t r = tf = 20 ns 
unless otherwise specified. Boldface limits apply from Twin to Tmax; All other limits Ta = Tj = 25°C. (Continued) 


Parameter 

Conditions 

Typ 

(Note 5) 

Tested 
Limit 
(Note 6) 

Design 
Limit 
(Note 7) 

Limit 

Units 

tc, Conversion Time MIN 



80 

80 

1 /fCLK 

MAX 



90 

90 

1/fCLK 

MIN 



45 

45 

jXS 

MAX 



50 

50 

JULS 


CS=0 

100 

150 

150 

ns 

Iacc* Access Time (Delay from falling 
edge of TO to Output Data Valid) 

CS = 0 

C L = 100 pF, R l = 2k 

170 

300 

300 

ns 

tiH. toH> TRI-STATE Control (Delay 


125 



mm 

from Rising Edge of RD to Hi-Z State) 


145 

230 

II 

mm 

twi. tR|, Delay from Falling Edge of 

WR or RD to Reset of InTR 


300 

450 


ns 

t|RS» INTR to 1 st Read Set-up Time 


400 

550 

550 


Gin, Capacitance of Logic Inputs 


5 


7.5 


Cout. Capacitance of Logic Outputs 


5 


7.5 

PF 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to ground. 

Note 3: Linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line which passes through the end points of the transfer 
characteristic. 

Note 4: For V|N(_)^ V|N(+) the digital output code will be 00 0000 0000. Two on-chip diodes are tied to each analog input which will forward conduct for analog 
input voltages one diode drop below ground or one diode drop greater than Vcc supply. Be careful, during testing at low Vcc levels (4.5V), as high level analog 
inputs (5V) can cause this input diode to conduct, especially at elevated temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV 
forward bias of either diode. This means that as long as the analog Vin does not exceed the supply voltage by more than 50 mV, the output code will be correct. To 
achieve an absolute 0 Vcc to 5 Vqc input voltage range will therefore require a minimum supply voltage of 4.950 Vdc over temperature variations, initial tolerance 
and loading. 

Note 5: Typicals are at 25°C and represent most likely parametric norm. 

Note 6: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 7: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 8: Human body model, 100 pF discharged through a 1.5 kfl resistor. 


Functional Diagram 



AGND Vref D GND Vcc 
(5V) 


TWO BYTE 
ADC1QD5 
ONLY 


TL/H/5261-3 
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Typical Performance Characteristics 


Logic Input Threshold 
Voltage vs Supply Voltage 



4.50 4.75 5.00 5.25 5.50 


Delay from Falling Edge of 
RD to Output Data Valid vs 
Load Capacitance 



0 200 400 600 800 1000 


V C c- SUPPLY VOLTAGE (V DC ) 


LOAD CAPACITANCE (pF) 


CLK IN Schmitt Trip Levels 



4.50 4.75 5.00 5.25 5.50 

V CC - SUPPLY VOLTAGE (V DC ) 


Output Current vs 
Temperature 



-50 -25 0 25 50 75 100 125 

T a - AMBIENT TEMPERATURE (°C) 


Typical Linearity Error 



0.2 1.0 1.8 2.6 
CLOCK FREQUENCY (MHz) 


TL/H/5261-4 


Timing Diagrams 

Start Conversion 


V 


J 

j — tW(WR)L 

(LAST DATA WAS READ) *WI — ► 

J 

) 

L 

7 

s 

tl. 


(LAST DATA WAS NOT READ) ) 

7 \ 


TL/H/5261 -5 


Output Enable and Reset INTR 



TL/H/5261 -6 
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Timing Diagrams (Continued) 


Block Diagram 


Byte Sequencing for the 20-Pin ADC1005 


Byte 

8-Bit Data Bus Connection 

Order 

DB7 

DB6 DB5 DB4 DB3 DB2 DB1 

DBO 


MSB 



1st 

Bit 9 

Bit 8 Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 

Bit 2 



LSB 


2nd 

Bit 1 

Bit 0 0 0 0 0 0 

0 



INPUT PROTECTION 
FOR ALL LOGIC INPUTS 

TO INTERNAL 
CIRCUIT CLKB 


~1 




D 


Tmsb 


SAR 


10-BIT 

LATCH 


SHIFT R 

(NOTE 2) 

◄ — 

REGISTER 


^ LSB 

Q 


BYTE SEQUENCER AND 
TRI-STATE 
OUTPUT LATCHES 


ADC1005 20-PIN 
ADC1025 24-PIN 


Note 1: CS shown twice for clarity. 

Note 2: SAR = Successive Approximation Register. 


8 



Functional Description 

1.0 GENERAL OPERATION 

A block diagram of the A/D converter is shown in Figure 1 
All of the inputs and outputs are shown and the major logic 
control paths are drawn in heavier weight lines. 

1.1 Converter Operation 

The ADC1005, ADC1025 use an advanced potentiometric 
resistive ladder network. The analog inputs, as well as the 
taps of this ladder network are switched into a weighted 
capacitor array. The output of this capacitor array is the in- 
put to a sampled data comparator. This comparator allows 
the successive approximation logic to match the analog in- 
put voltage [V|n(+) - V| N (-)] to taps on the R network. 
The most significant bit is tested first and after 1 0 compari- 
sons (80 clock cycles) a digital 10-bit binary code (all “1”s 
= full-scale) is transferred to an output latch. 

1.2 Starting a Conversion 

The conversion is initialized by taking CS and WR simulta- 
neously low. This sets the start flip-flop (F/F) and the result- 
ing “1” level resets the 10-bit shift register, resets the inter- 
rupt (INTR) F/F and inputs a “1” to the D flop, F/F1, which 
is at the input end of the 10-bit shift register. Internal clock 
signals then transfer this “1” to the Q ouput of F/F1. The 
AND gate, G1, combines this “1” output with a clock signal 
to provide a reset signal to the star t F/F. If the set signal is 
no longer present (either WR or CS is a “1 ”) the start F/F is 
reset and the 10-bit shift register then can have the “1” 
clocked in, allowing the conversion process to continue. If 
the set signal were still present, this reset pulse would have 
no effect and the 10-bit shift register would continue to be 
hel d in the reset mode. This logic therefore allows for wide 
CS and WR signals. The converter will start after at least 
one of these signals returns high and the internal clocks 
again provide a reset signal for the start F/F. 

To summarize* on the high-to-low transition of the WR input 
the internal SAR latches and the shift register stages are 
reset. As long as the CS input and WR input remain low, the 
A/D will remain in a reset state. Conversion will start after at 
least one of these inputs makes a low-to-high transition. 

1.3 Output Control 

After the “1” is clocked through the 10-bit shift register 
(which completes the SAR search) it causes the new digital 
word to transfer to the TRI-STATE output latches. When the 
XFER signal makes a high-to-low transition the one shot 
fire s, sett ing the INTR F/F. An inverting buffer then supplies 
the INTR output signal. 

Note that this SET control of the INTR F/F remains low for 
approximately 400 ns. If the data outp ut is c ontinuously en- 
abled (CS and RD both held low) the INTR output will still 
signal the end of the conv ersion (by a high-to-low tran- 
sition). This is because the SET input can control the Q 
output of the INTR F/F even t hough the RESET input is 
constantly at a “1” level. This INT R output will therefore 
stay low for the duration of the SET signal. 

When data is to be read, the combination of both CS and 
RD being low will cause the INTR F/F to be reset and the 
TRI-STATE output latches will be enabled. 


1.4 Free-Running and Self-Clocking Modes 

For operation in the free-running mode an initializing pulse 
should be used, following power-up, to ensure circuit opera- 
tion. In this application, the C S input is grounded an d the 
WR input is tied to the INTR output. This WR and INTR 
node should be momentarily forced to logic low following a 
power-up cycle to ensure start up. 

The clock for the A/D can be derived from the CPU clock or 
an external RC can be added to provide self-clocking. The 
CLK IN makes use of a Schmitt trigger as shown in Figure 2. 



FIGURE 2. Self-Clocking the A/D 
2.0 REFERENCE VOLTAGE 

The voltage applied to the reference input of these convert- 
ers defines the voltage span of the analog input (the differ- 
ence between Vin(max) and V IN(MIN)) over which the 1024 
possible output codes apply. The devices can be used in 
either ratiometric applications or in systems requiring abso- 
lute accuracy. The reference pin must be connected to a 
voltage source capable of driving the reference input resist- 
ance of typically 4.8 kft. This pin is the top of a resistor 
divider string used for the successive approximation conver- 
sion. 

In a ratiometric system {Figure 3a) the analog input voltage 
is proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
Vref P in can be tied t0 V CC- This technique relaxes the 
stability requirements of the system references as the ana- 
log input and A/D reference move together maintaining the 
same output code for a given input condition. 

For absolute accuracy {Figure 3b), where the analog input 
varies between very specific voltage limits, the reference pin 
can be biased with a time and temperature stable voltage 
source. The LM385 and LM336 reference diodes are good 
low current devices to use with these converters. 

The maximum value of the reference is limited to the Vqc 
supply voltage. The minimum value, however, can be small 
to allow direct conversions of transducer outputs providing 
less than a 5V output span. Particular care must be taken 
with regard to noise pickup, circuit layout, and system error 
voltage sources when operating with a reduced span due to 
the increased sensitivity of the ponverter (1 LSB equals 
Vref/1024). 
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Functional Description (Continued) 



FIGURE 3a. Ratiometric 


TL/H/5261-17 


5V 



FIGURE 3b. Absolute with a Reduced Span 


3.0 THE ANALOG INPUTS 

3.1 Analog Differential Voltage Inputs and 
Common-Mode Rejection 

The differential inputs of these converters reduce the ef- 
fects of common-mode input noise, which is defined as 
noise common to both selected “ + ” and “ - ” inputs (60 Hz 
is most typical). The time interval between sampling the 
“ + ” input and the input is half of an internal clock 
period. The change in the common-mode voltage during this 
short time interval can cause conversion errors. For a sinus- 
oidal common-mode signal, this error is: 

4 

VERROR(MAX) = VpEAK fCM) X 

where fcM is the frequency of the common-mode signal, 
v peak is its peak voltage value and fci_K is the clock fre- 
quency at the CLK IN pin. 

For a 60 Hz common-mode signal to generate a 1 /4 LSB 
error (1.2 mV) with the converter running at 1.8 MHz, its 
peak value would have to be 1.46V. A common-mode signal 
this large is much greater than that generally found in data 
aquisition systems. 

3.2 Input Current 

Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the “ + ” input and exit the 
input at the clock rising edges during the conversion. These 
currents decay rapidly and do not cause errors as the inter- 
nal comparator is strobed at the end of a clock period. 

3.3 Input Bypass Capacitors 

Bypass capacitors at the inputs will average the current 
spikes noted in 3.2 and cause a DC current to flow through 
the output resistances of the analog signal sources. This 
charge pumping action is worse for continuous conversions 
with the V|n(+) input voltage at full scale. For continuous 
conversions with a 1 .8 MHz clock frequency with the V|n( + ) 


input at 5V, this DC current is at a maximum of approximate- 
ly 5 ju,A. Therefore, bypass capacitors should not be used at 
the analog inputs or the VrefP'm for hi 9h resistance sourc- 
es (> 1 kft). If input bypass capacitors are necessary for 
noise filtering and high source resistance is desirable to 
minimize capacitor size, the detrimental effects of the volt- 
age drop across this input resistance, which is due to the 
average value of the input current, can be eliminated with a 
full-scale adjustment while the given source resistor and in- 
put bypass capacitor are both in place. This is possible be- 
cause the average value of the input current is a linear func- 
tion of the differential input voltage. 

3.4 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors if the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (^ 1 kft) for a passive RC section or add an op amp RC 
active low pass filter. For low source resistance applications 
(^0.1 kH) a 4700 pF bypass capacitor at the inputs will 
prevent pickup due to series lead induction of a long wire. A 
lOOfl series resistor can be used to isolate this capacitor - 
both the R and the C are placed outside the feedback loop 
- from the output of an op amp, if used. 

3.5 Noise 

The leads to the analog inputs (pins 6 and 7) should be kept 
as short as possible to minimize input noise coupling. Both 
noise and undesired digital clock coupling to these inputs 
can cause system errors. The source resistance for these 
inputs should, in general, be kept below 1 kft. Larger values 
of source resistance can cause undesired system noise 
pickup. Input bypass capacitors, placed from the analog in- 
puts to ground, can reduce system noise pickup but can 
create analog scale errors. See section 3.2, 3.3, and 3.4 if 
input filtering is to be used. 
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Functional Description (Continued) 

4.0 OFFSET AND REFERENCE ADJUSTMENT 

4.1 Zero Offset 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V(-) input and applying a small 
magnitude positive voltage to the V(+) input. Zero error is 
the difference between the actual DC input voltage that is 
necessary to just cause an output digital code transition 
from 00 0000 0000 to 00 0000 0001 and the ideal 1/2 LSB 
value (1/2 LSB = 2.45 mV for V REF = 5.0 V DC ). 

The zero of the A/D normally does not require adjustment. 
However, for cases where Vin(min) is not ground and in 
reduced span applications (V REF < 5V), an offset adjust- 
ment may be desired. The converter can be made to output 
an all zero digital code for an arbitrary input by biasing the 
A/D’s Vin(-) input at that voltage. This utilizes the differen- 
tial input operation of the A/D. 

4.2 Full Scale 

The full-scale adjustment can be made by applying a differ- 
ential input voltage that is 1 y 2 LSB down from the desired 
analog full-scale voltage range and then adjusting the mag- 
nitude of the V REE input for a digital output code that is just 
changing from 11 1111 1 1 10 to 1 1 1111 1111. 

4.3 Adjusting for an Arbitrary Analog 
Input Voltage Range 

If the analog zero voltage of the A/D is shifted away from 
ground (for example, to accommodate an analog input sig- 
nal that does not go to ground), this new zero reference 
should be properly adjusted first. A V|n( + ) voltage that 
equals this desired zero reference plus 1 /2 LSB (where the 
LSB is calculated for the desired analog span, 1 LSB = 
analog span/1024) is applied to selected “ + ” input and the 


zero reference voltage at the corresponding input 
should then be adjusted to just obtain the 000 R ex 001 hex 
code transition. 

The full-scale adjustment should be made [with the proper 
V|n( — ) voltage applied] by forcing a voltage to the V|n(+) 
input given by: 

V| N (+) FS adj = V MAX - 1.5 [ (VmA *~ 4 Vm ' N > ] 

where Vmax = the high end of the analog input range and 
V MIN “ the low end (the offset zero) of the analog range. 
(Both are ground referenced). 

The V REE (or Vcc) voltage is then adjusted to provide a 
code change from 3FF R ex to 3FE R ex- This completes the 
adjustment procedure. 

For an example see the Zero-Shift and Span-Adjust circuit 
below. 

5.0 POWER SUPPLIES 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. A low 
inductance tantalum filter capacitor should be used close to 
the converter Vcc pin and values of 1 juF or greater are 
recommended. If an unregulated voltage is available in the 
system, a separate LM340LAZ-5.0, TO-92, 5 V voltage regu- 
lator for the converter (and the other analog circuitry) will 
greatly reduce digital noise on the Vcc supply. 

A single point analog ground that is separate from the logic 
ground points should be used. The power supply bypass 
capacitor and the self-clocking capacitor (if used) should 
both be returned to the digital ground. Any V REF bypass 
capacitors, analog input filters capacitors, or input signal 
shielding should be returned to the analog ground point. 


V| N W 

v C c 

ADC1005 


ADC1025 


V| N H 

V REF 


SETS ZERO 
CODE VOLTAGE 


PV + L SETS VOLTAGE SPAN I | 


> Ik 
2.7k> 2V DC 


Figure 4. Zero-Shift and Span-Adjust (2V ^ Vin ^ 5V) 
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Typical Applications 
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Ordering Information 


Part Number 

Package 

Outline 

Temperature 

Range 

Linearity 

Error 

ADC1005BCN 

N20A 

0°Cto +70°C 

±y 2 LSB 

ADC1025BCN 

N24C 

ADC1005BCV 

V20A 

ADC1025BCV 

V28A 

ADC1005BCJ-1 

J20A 

ADC1025BCJ-1 

J24F 

ADC1005BCJ 

J20A 

— 40°C to +85°C 

ADC1025BCJ 

J24F 

ADC1005BJ 

J20A 

— 55°C to + 1 25°C 

ADC1025BJ 

J24F 


Part Number 

Package 

Outline 

Temperature 

Range 

Linearity 

Error 

ADC1005CCN 

N20A 

0°C to +70°C 

±1 LSB 

ADC1025CCN 

N24C 

ADC1005CCV 

V20A 

ADC1025CCV 

V28A 

ADC1005CCJ-1 

J20A 

ADC1025CCJ-1 

J24F 

ADC1005CCJ 

J20A 

— 40°C to +85°C 

ADC1025CCJ 

J24F 

ADC1005CJ 

J20A 

— 55°Cto + 1 25°C 

ADC1025CJ 

J24F 
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National 
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Corporation 


ADC 1 205/ ADC 1225 12-Bit Plus Sign 

/jlP Compatible A/D Converters 

General Description Key Specifications 


The ADC1205 and ADC1225 are CMOS, 12-bit plus sign 
successive approximation A/D converters. The 24-pin 
ADC1205 outputs the 13-bit data result in two 8-bit bytes, 
formatted high-byte first with sign extended. The 28-pin 
ADC1225 outputs a 13-bit word in parallel for direct inter- 
face to a 16-bit data bus. 

Negative numbers are represented in 2’s complement data 
format. All digital signals are fully TTL and MOS compatible. 
A unipolar input (0V to 5V) can be accommodated with a 
single 5V supply, while a bipolar input (-5V to +5V) re- 
quires the addition of a 5V negative supply. 

The ADC1205B and ADC1225B have a maximum non-lin- 
earity over temperature of 0.012% of Full Scale, and the 
ADC1205C and ADC1225C have a maximum non-linearity 
of 0.0224% of Full Scale. 


Connection and Functional Diagrams 

Dual-ln-Line Package 


■ Resolution — 1 2 bits plus sign 

■ Linearity Error— ±y 2 LSB and ±1 LSB 

■ Conversion Time — 1 00 /jls 

Features 

■ Compatible with all julPs 

■ True differential analog voltage inputs 

■ 0V to 5V analog voltage range with single 5V supply 

■ TTL/ MOS input/output compatible 

■ Low power— 25 mW max 

■ Standard 24-pin or 28-pin DIP 


24 OIGITAl Vcc 

23 DB7/DB12 

22 — - DB6/0B12 

21 DB5/0B12 

20 DB4/0B12 

19 DB3/0B11 

18 DB2/DB10— BYST 


15 — INT 
14 READY OUT 

13 — Status 


DGND 

rf 


CLK __ _ _ READY DIGITAL 

IN CS RD WR OUT STATUS Vcc 


Top View 

Dual-ln-Line Package 


V- — 1 
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VlN(-) — 2 
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VlN(+|— ■ 3 
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ANALOG GND — 4 
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Vref— ■ 5 
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ANALOG Vcc— 6 


23 —DBS 

Vos— 7 

ADC1225 
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DIGITAL GN0 — 12 
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SUCCESSIVE 
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See Ordering Information 


Top View 
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Absolute Maximum Ratings (Notes i & 2) Operating Conditions (Notes 1 & 2) 

If Military/ Aerospace specified devices are required, Temperature Range Tmin^ t a^ t max 

contact the National Semiconductor Sales Office/ ADC1205BCJ, ADC1205CCJ 

Distributors for availability and specifications. ADC1225BCJ, ADC1 225CCJ -40“CST A <: +05°C 

Supply Voltage (DVcc and AVcc) 6.5V ADC1205BCJ-1, ADC1205CCJ-1 

Negative Supply Voltage (V“) -15VtoGND ADC1225BCJ-1, ADC1225CCJ-1 0°C£T A ^70°C 

Logic Control Inputs -0.3V to + 15V Supply Voltage (DV C c and AV C c) 4.5 V DC to 6.0 V DC 

Voltage at Analog Inputs Negative Supply Voltage (V“) -15VtoGND 

[V|N(+).V|N(->] (V-)-0.3VtoV CC +0.3V 

Voltage at All Outputs, V REF , V 0 s -0.3V to (V C c+0.3)V 

Input Current per Pin ±5mA 

Input Current per Package ± 20mA 

Storage T emperature Range - 65°C to + 1 50°C 

Package Dissipation at Ta = 25°C 875 mW 

Lead Temp. (Soldering, 1 0 seconds) 300°C 

ESD Susceptibility (Note 1 2) 800V 

Electrical Characteristics 

The following specifications apply for DVcc = AVcc = 5V, V REF = 5V, fcLK =1-0 MHz, V - = -5V for bipolar input range, or 

V - = GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V ^ V|N(+) ^ 5.05V; 
-5.05V ^ V|N(_) ^ 5.05V and |V|N(+) - V|N(_)| ^ 5.05V. Unipolar input range is defined as -0.05V ^ V|N(+) ^ 5.05V; 
-0.05V ^ V|N(— ) ^ 5.05V and |V|N(+) - V|N(_)| ^ 5.05V. Boldface limits apply from Tmin to Tmax; al1 other limits T A = T J 
= 25°C (Notes 3, 4, 5, 6, 7). 

Parameter 

Conditions 

ADC1205BCJ, ADC1205CCJ 
ADC1225BCJ, ADC1225CCJ 

ADC1205BCJ-1, ADC1205CCJ-1 
ADC1225BCJ-1, ADC1225CCJ-1 

Limit 

Units 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

| CONVERTER CHARACTERISTICS | 

Linearity Error 

ADC1205BCJ, ADC1 225BCJ 
ADC1 205BCJ-1 , ADC1 225BCJ-1 
ADC1205CCJ, ADC1 225CCJ 
ADC1 205CCJ-1 , ADC1 225CCJ-1 

Unipolar Input 
Range 
(Note 11) 


±% 

±1 



±y 2 

±i 

±Va 

±1 

LSB 

LSB 

LSB 

LSB 

Unadjusted Zero Error 

Unipolar Input 
Range 





±2 

±2 

m 

Unadjusted Positive and Negative 
Full-Scale Error 

Unipolar Input 
Range 


±30 



±30 

±30 

LSB 

Negative Full-Scale Error 

Unipolar Input 
Range, Full 
Scale Adj. to 
Zero 







LSB 

Linearity Error 

ADC1205BCJ, ADC1225BCJ 
ADC1 205BCJ-1 , ADC1 225BCJ-1 
ADC1205CCJ, ADC1 225CCJ 
ADC1 205CCJ-1 , ADC1 225CCJ-1 

Bipolar Input 
Range 
(Note 11) 


±1.5 

±2 



±1.5 

±2 

±1.5 

±2 

LSB 

LSB 

LSB 

LSB 

Unadjusted Zero Error 

Bipolar Input 
Range 


±2 




±2 

LSB 

Unadjusted Positive and Negative 
Full-Scale Error 

Bipolar Input 
Range 


±30 




±30 

LSB 

Negative Full-Scale Error 

Bipolar Input 
Range, Full 
Scale Adj. to 
Zero 







LSB 

Maximum Gain Temperature 
Coefficient 


6 



6 


15 

ppm/°C 

Maximum Offset Temperature 
Coefficient 


0.5 



0.5 


1.5 

ppm/°C 

Minimum Vref Input Resistance 


4.0 

2 


4.0 

2 

2 

kH 

Maximum Vref Input Resistance 


4.0 

8 


4.0 

8 

8 

kH 
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Electrical Characteristics (continued) 

The following specifications apply for DVcc = AVcc = 5V, Vref = 5 V, f CLK — 1 -0 MHz, V~ = -5V for bipolar input range, or 

V~ = GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V ^ V|N(+) ^ 5.05V; 
-5.05V ^ V|N(_) ^ 5.05V and |V|N(+) - V|N(_)| ^ 5.05V. Unipolar input range is defined as -0.05V ^ V|N(+) ^ 5.05V; 
—0.05 V ^ V|N(-) ^ 5.05V and |V|N(+) — V|N( — )l ^ 5.05V. Boldface limits apply from Tr/un to Tmax> other limits Ta = Tj 
= 25°C (Notes 3, 4, 5, 6, 7). 

Parameter 

Conditions 

ADC1205BCJ, ADC1205CCJ 
ADC1225BCJ, ADC1225CCJ 

ADC1205BCJ-1, ADC1205CCJ-1 
ADC1225BCJ-1, ADC1225CCJ-1 

Limit 

Typ 

(Notes) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typ 

(Note B) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Units 

CONVERTER CHARACTERISTICS (Continued) 

Minimum Analog Input 

Voltage 

Unipolar Input 
Range 

Bipolar Input 
Range 


GND-0.05 

-Vcc-0.05 



GND-0.05 

-Vc-0.05 

GND-0.05 

-Vcc-0.05 

V 

v 

Maximum Analog Input 

Voltage 

Unipolar Input 
Range 

Bipolar Input 
Range 

Vcc + 0.05 

Vcc + 0.05 



Vcc + 0.05 

Vcc + 0.05 

Vcc+0.05 

Vcc + 0.05 

V 

V 

DC Common-Mode Error 


±Ys 

±% 


±Ve 

±y 2 

±Vi 

LSB 

Power Supply Sensitivity 

Zero Error 

Positive and Negative 
Full-Scale Error 

Linearity Error 

AV C c = DVcc = 
5V±5%, 

V~ = — 5V±5% 


o N pj ' t -'' 

+1 -H -H 



± 3 /4 

± 3 /4 

±V4 

H- 1+ 1+ 

LSB 

LSB 

LSB 

DIGITAL AND DC CHARACTERISTICS 

V|N(i), Logical “1” Input 

Voltage (Min) 

V CC = 5.25 V, 

All Inputs except 
CLKIN 


2.0 



2.0 

2.0 

V 

V|N(o). Logical “0” Input 

Voltage (Max) 

V CC = 4.75 V, 

All Inputs except 
CLKIN 


0.8 



0.8 

0.8 

V 

I|N( 1 ), Logical “1” Input 

Current (Max) 

V,n = 5V 

0.005 

1 


0.005 


1 

juA 

l|N(0)> Logical “0” Input 

Current (Max) 

< 

z 

II 

o 

< 

-0.005 

-1 


-0.005 


-1 

J*A 

Vj+ (Min), Minimum Positive- 
Going Threshold Voltage 

CLKIN 

3.1 

2.7 


3.1 

2.7 

2.7 

V 

Vy+ (Max), Maximum Positive- 
Going Threshold Voltage 

CLKIN 

3.1 

3.5 


3.1 

3.5 

3.5 

V 

Vy“ (Min), Minimum Negative- 
Going Threshold Voltage 

CLKIN 

1.8 

1.4 


1.8 

1.4 

1.4 

V 

Vj~ (Max), Maximum Negative- 
Going Threshold Voltage 

CLKIN 

1.8 

2.1 


1.8 

2.1 

2.1 

V 

Vn(Min), Minimum Hysteresis 
[V T + (Min) — V T ~ (Max)] 

CLKIN 

1.3 

0.6 


1.3 

0.6 

0.6 

V 

Vn(Max), Maximum Hysteresis 
[V T +(Max)-V T -(Min)] 

CLKIN 

1.3 

2.1 


1.3 

2.1 

2.1 

V 
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Electrical Characteristics (Continued) 

The following specifications apply for DVcc = AVcc = 5 V, Vref = 5 V, fcLK = 1 .0 MHz, V~ = — 5V for bipolar input range, or 
V - = GND for unipolar input range unless otherwise specified. Bipolar input range is defined as -5.05V ^ V|N(+) ^ 5.05V; 
-5.05V ^ V|N(-) ^ 5.05V and |V|N(+) - V|N(_)| ^ 5.05V. Unipolar input range is defined as -0.05V ^ V|N(+) ^ 5.05V; 
-0.05V ^ V|fsj( — ) ^ 5.05V and |V|N(+) - V|N(— )l ^ 5.05V. Boldface limits apply from Tmin to T^ax; all other limits Ta = Tj 
= 25°C (Notes 3, 4, 5, 6, 7). 




ADC1205BCJ, ADC1205CCJ 
ADC1225BCJ, ADC1225CCJ 

ADC1205BCJ-1, ADC1205CCJ-1 
ADC1225BCJ-1, ADC1225CCJ-1 

Limit 

Parameter 

Conditions 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Typ 

(Note 8) 

Tested 

Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Units 


DIGITAL AND DC CHARACTERISTICS (Continued) 


Vqut(1). Logical “1” Output 
Voltage (Min) 

V CC = 4.75 V 
•0UT = -360 jliA 
•oUT = “10 jaA 


2.4 

4.5 



2.4 

4.5 

2.4 

4.5 

V 

V 

V OUT(0)> Logical “0” Output 
Voltage (Max) 

V C c = 4.75V 
•out = 1*6 mA 


0.4 



0.4 

0.4 

V 

Iout. TRI-STATE Output Leakage 

V OU T=0V 

-0.01 

-3 






Current (Max) 

Vout=5V 

0.01 

3 






•source. Output Source Current 
(Min) 

V O UT = 0V 

-12 

-6.0 


-12 

-7.0 

-6.0 

mA 

•sink. Output Sink Current (Min) 

VoUT = 5V 

16 

8.0 


16 

9.0 

8.0 

mA 

Dice. DVcc Supply Current (Max) 

f C LK=1 MHz, CS= 1 

1 

3 


1 

2.5 

3 

mA 

Alec. AVcc Supply Current (Max) 

f C LK=1 MHz, CS= 1 

1 

3 


1 

2.5 

3 

mA 

l~, V~ Supply Current (Max) 

f C LK=1 MHz, CS= 1 

10 

100 


10 

100 

100 

jaA 


AC Electrical Characteristics 

The following specifications apply for DVcc = AVcc = 5.0 V, t r =tf=20 ns and Ta= 25°C unless otherwise specified. 


Parameter 

Conditions 

Typ 

(Note 8) 

Tested 
Limit 
(Note 9) 

Design 
Limit 
(Note 10) 

Limit 

Units 

fCLK. Clock Frequency MIN 


1.0 

0.3 


MHz 

MAX 


1.0 

1.5 


MHz 

Clock Duty Cycle M 1 N 




40 

% 

MAX 




60 

% 

Tc, Conversion Time MIN 




108 

1/fCLK 

MAX 




109 

1 /fCLK 

MIN 

fCLK~ 1-0 MHz 



108 

JLtS 

MAX 

fCLK~ 1 -3 Mhiz 



109 

jblS 

tw(WR)L. WR Pu,se Width MAX 


220 


350 

ns 

Ucc. Access Time (Delay from 

Falling Edge of RD to 

Output Data Valid) (Max) 

C L = 100 pF 

210 


340 

ns 

tin. t 0 H. TRI-STATE Control (Delay 
from Rising Edge of RD to 

R L = 2k, C L =100 pF 

170 


290 

ns 

Hi-Z State) (Max) 






tpD(READYOUT). RD or WR to 
READYOUT Delay (Max) 


250 


400 

ns 

tpo(iNT) RD or WR to Reset of INT 
(Max) 


250 


400 

ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating ratings. 

Note 2: All voltages are measured with respect to ground, unless otherwise specified. 

Note 3: A parasitic zener diode exists internally from AVcc and DVcc to ground. This parasitic zener has a typical breakdown voltage of 7 Vdc- 
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AC Electrical Characteristics (Continued) 

Note 4: Two on-chip diodes are tied to each analog input as shown below. 



TO INTERNAL CIRCUITRY 


V~ TL/H/5676-4 

Errors in the A/D conversion can occur if these diodes are forward biased more than 50 mV. This means that if AVcc and DVcc are minimum (4.75 Vcc) and V - 
minimum (-4.75Vdc). full-scale must be £ 4.8Vdc* 

Note 5: A diode exists between analog Vcc and digital Vq. 


TO INTERNAL CIRCUITRY 


TO INTERNAL CIRCUITRY 


To guarantee accuracy, it is required that the AVcc and DVcc be connected together to a power supply with separate bypass filters at each Vcc pin. 

Note 6: A diode exists between analog ground and digital ground. 

ANALOG GROUND FI ► TO INTERNAL CIRCUITRY 

DIGITAL GROUND 1*1 4 — » TO INTERNAL CIRCUITRY TL/H /5676-21 

To guarantee accuracy, it is required that the analog ground and digital ground be connected together externally. 

Note 7: Accuracy is guaranteed at fcLK = 1-0 MHz. At higher clock frequencies accuracy may degrade. 

Note 8: Typicals are at 25°C and represent most likely parametric norm. 

Note 9: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 10: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 11: Linearity error is defined as the deviation of the analog value, expressed in LSBs, from the straight line which passes through positive full scale and zero, 
after adjusting zero error. (See Figures 1b and 1c). 

Note 12: Human body model; 100 pF discharged through a 1.5 kft resistor. 


(4095)0,1111,1111,1111 — r— |— 

(4094) 0,1111,1111,1110 -- _J 

_ ^ POSITIVE 
^ ^ FULL-SCALE 
^ ^ TRANSITION 


ZERO TRANSITION 


( 2 ) 0 , 0000 , 0000,0010 /_ 
( 1 ) 0 , 0000 , 0000,0001 _ 

(0) 0,0000,0000,0000 |Tsb 


- 1 , 1111 , 1111,1111 (- 1 ) 
_ 1 , 1111 , 1111, 1110 ( — 2 ) 


J*L 


NEGATIVE FULL-SCALE TRANSITION 


; 1,0000, 0000, 0001 (-4095) 
1,0000,0000,0000 (-4096) 

ANALOG INPUT VOLTAGE [V| N (+)-V| N (-)] 

FIGURE la. Transfer Characteristic 
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POSITIVE 

FULLSCALE 

ERROR 



OUTPUT CODE 
(FROM -4096 TO +4095) 


TL/H/5676-22 

FIGURE 1b. Simplified Error Curve vs. Output Code Without Zero and Fullscale Adjustment 



(FROM -4096 TO +4095) 


TL/H/5676-23 


FIGURE 1c. Simplified Error Curve vs. Output Code after Zero/Fullscale Adjustment 



FIGURE 2. TRI-STATE Test Circuits and Waveforms 


TL/H/5676-7 




Timing Diagrams 

Transfer Characteristic for ADC1205 and ADC1225 Unipolar Input Range and Bipolar Input Range (digital output codes vs the 
difference of the analog inputs [ V|N(+) - V|N(_) ]) 

h- T H 

■”\ / S / 


% 


u 


f 


-O o- 


HIGH BYTE ON ADC1205 
13-BIT DATA ON ADC1225 


FIGURE 3. Timing Diagram 


LOW BYTE ON ADC1205 
13-BIT DATA ON ADC1225 


TL/H/5676-15 



TL/H/5676-13 



FIGURE 5. Data Out 


TL/H/5676-14 
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Functional Description 

1.0 THE A/D CONVERSION 

1.1 STARTING A CONVERSION 

When using the ADC1225 or ADC1205 with a microproces- 
sor, starting an A-to-D conversion is like writing to an exter- 
nal memory location. The WR and CS lines are used to start 
the conversion. The simplified logic {Figure 6) shows that 
the falling edge of WR with CS low clocks the D-type flip- 
flop and initiates the conversion sequence. A new conver- 
sion can therefore be restarted before the end of the previ- 
ous sequence. INT going low indicates the conversion’s 
end. 

1.2 THE CONVERSION PROCESS (Numbers designated 
by [ ] refer to portions of Figure 6.) 

The SARS LOGIC [2] controls the A-to-D conversion pro- 
cess. When ‘sars’ goes high the clock (elk) is gated to the 
TIMING GENERATOR [9]. One of the outputs of the TIM- 
ING GENERATOR, T z , provides the clock for the Succes- 
sive Approximation Register, SAR LOGIC [5]. The T z clock 
rate is % of the CLK IN frequency. 

Inputs to the 12-BIT DAC [11] and control of the SAMPLED 
DATA COMPARATOR [10] sign logic are provided by the 
SAR LOGIC. The first step in the conversion process is to 
set the sign to positive (logic ‘0’) and the input of the DAC to 
000 (HEX notation). If the differential input, V|N(+)-V|N(_), 
is positive the sign bit will remain low. If it is negative the 
sign bit will be set high. Differential inputs of only a few 
hundred microvolts are enough to provide full logic swings 
at the output of the SAMPLED DATA COMPARATOR. 

The sign bit indicates the polarity of the differential input. If it 
is set high, the negative input must have been greater than 
the positive input. By reversing the polarity of the differential 
input, V|N(+) and V|N(_) are interchanged and the DAC 
sees the negative input as positive. The input polarity rever- 
sal is done digitally by changing the timing on the input sam- 
pling switches of the SAMPLED DATA COMPARATOR. 
Thus, with almost no additional circuitry, the A/D is extend- 
ed from a unipolar 12-bit to a bipolar 12-bit (12-bit plus sign) 
device. 

After determining the input polarity, the conversion pro- 
ceeds with the successive approximation process. The SAR 
LOGIC successively tries each bit of the 12-BIT DAC. The 
most significant bit (MSB), B1 1 , has a weight of y 2 of Vref- 
The next bit, B10, has a weight of y 4 Vref- Each successive 
bit is reduced in weight by a factor of 2 which gives the least 
significant bit (LSB) a weight of 1 /4096 Vref- 
When the MSB is tried, the comparator compares the DAC 
output, Vref/ 2, to the analog input. If the analog input is 
greater than Vref/ 2 the comparator tells the SAR LOGIC to 
set the MSB. If the analog input is less than Vref/ 2 the 
comparator tells the SAR LOGIC to reset the MSB. On the 
next bit-test the DAC output will either be % Vref or % 
Vref depending on whether the MSB was set or not. Fol- 
lowing this sequence through for each successive bit will 
approximate the analog input to within 1-bit (one part in 
4096). 

On completion of the LSB bit-test the conversion-complete 
flip-flop (CC) is set, signifying that the conversion is finished. 
The end-of-conversion (EOC) and interrupt (INT) lines are 
not changed at this time. Some internal housekeeping tasks 
must be completed before the outside world is notified that 
the conversion is finished. 


Setting CC enables the UPDATE LOGIC [12]. This logic 
controls the transfer of data from the SAR LOGIC to the 
OUTPUT LATCH [6] and resets the internal logic in prepa- 
ration for a new conversion. This means that when EOC 
goes high, a new conversion can be immediately started 
since the internal logic has already been reset. In the same 
way, data is transferred to the OUTPUT LATCH prior to is- 
suing an interrupt. This assures that data can be read imme- 
diately after INT goes low. 

2.0 READING THE A/D 

The ADC 1225 makes all thirteen bits of the conversion 
result available in parallel. Taking CS and RD low enables 
the TRI-STATE® output buffers. The conversion result is 
represented in 2’s complement format. 

The ADC1205 makes the conversion result available in two 
eight-bit bytes. The output format is 2’s complement with 
extended sign. Data is right justified and presented high 
byte first. With CS low and STATUS high, the high byte 
(DB12-DB8) will be enabled[on the output buffers the first 
time goes low. When RD goes low a second time, the 
low byte (DB7-DB0) will be enabled. On each read opera- 
tion, the ‘byst’ flip-flop is toggled so that on successive 
reads alternate bytes will be available on the outputs. The 
‘byst’ flip-flop is always reset to the high byte at the end of a 
conversion. Table 1 below shows the data bit locations on 
the ADC1205. 

The ADC1205’s STATUS pin makes it possible to read the 
conversion st atus and the state of the ‘byst’ flip-flop. With 
RD, STATUS and CS low, this information appears on the 
data bus. The ‘byst’ status appears on pin 18 (DB2/DB10). 
A low output on pin 1 8 indicates that the next data read will 
be the high byte. A high output indicates that the next data 
read will be the low byte. A high status bit on pin 22 (DB6/ 
DB12) indicates that the conversion is in progress. A high 
output appears on pin 17 (DB1/DB9) when the conversion 
is completed and the data has been transferred to the out- 
put latch. A high output on pin 16 (DB0/DB8) indicates that 
the conversion has been completed and the data is ready to 
read. This status bit is reset when a new conversion is initia- 
ted, data is read, or status is read. When reading a conver- 
sion result, STATUS should always be brought high at least 
600 ns before RD goes low. If the conversion status infor- 
mation is not needed, the STATUS pin should be hardwired 
to V+. Table 2 summarizes the meanings of the four status 
bits. 


TABLE I. Data Bit Locations, ADC1205 


HIGH BYTE 

DB12 

DB12 

DB12 

DB12 

DB1 1 

DB10 

DB9 

DB8 

LOW BYTE 

DB7 

DB6 

DB5 

DB4 

DB3 

DB2 

DB1 

DBO 


TABLE II. Status Bit Locations and Meanings 


Status 

Bit 

Location 

Status 

Bit 

Meaning 

Condition to 
Clear Status 
Bit 

DB6 

SARS 

“High” indicates that 
the conversion is in 
progress 


DB2 

BYST 

“Low” indicates that 
the next data read is 
the high byte. 
“High” indicates that 
the next data read is 
the low byte 

Status write 
or toggle it 
with data 
read 
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Functional Description (Continued) 

TABLE II. Status Bit Locations and Meanings 

(Continued) 


Status 

Bit 

Location 

Status 

Bit 

Meaning 

Condition to 
Clear Status 
Bit 

DB1 

EOC 

“High” indicates that 
the conversion is 
completed and data is 
transferred to the 
output latch. 


DBO 

INT 

“High” indicates that 
it is the end of the 
conversion and the 
data is ready to read 

Data read or 
status read 
or status 
write 


3.0 INTERFACE 

3.1 RESET OF INTERRUPT 

IN? goes low at the end of the conversion and indicates that 
data is transferred to the output latch. By reading data, INT 
will be reset to high on the leading edge of the first read (RD 
goin g low). TnT is also reset on the leading (falling) edge of 
WR when starting a conversion. 

3.2 READY OUT 

To simplify the hardware connection to high speed micro- 
processors, a READY OUT line is provided. This allows the 
A-to-D to insert a wait state in the jutP’s read cycle. The 
equivalent circuit and the timing diagram for READY OUT is 
shown in Figures 7 and 8. 


TL/H/5676-9 

FIGURE 7. READY OUT Equivalent Circuit 


tpO(READY OUT) — ►! H H H — tpD(READY OUT) 

TL/H/5676-10 

\ . FIGURE 8. READY OUT Timing Diagram 

3.3 RESETTING THE A/D 

All the internal logic can be reset, which will abort any con- 
version in process and reset the status bits. The reset func- 
tion is achieved by performing a status write (CS, WR and 
STATUS are low). 

3.4 ADDITIONAL TIMING AND INTERFACE OPTIONS 
ADC 1225 

1. WR and RD can be tied together with CS low continu- 
ously or strobed. The previous conversion’s data will be 
available when the WR and RD are low as shown below. 
One drawback is that, since the conversion is started on the 
falling edge and the data read on the rising edge of WR/TO, 
the first data access will have erroneous information de- 
pending on the power-up state of the internal output latch- 
es. 

If the WR/RD strobe is longer than the conversion time, 
INTR will never go low to signal the end of a conversion. 
The conversion will be completed and the output latches will 
be updated. In this case the READY OUT signal can be 
used to sense the end of the conversion since it will go low 
when the output latches are being updated. 


DATA 

(DB0-DB12) 
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Functional Description (Continued) 
cs 


WR 

RD 

INTR 

READY OUT 

DATA 

(DB0-DB12) 






i r 


x 


OLD DATA 


1 f 

ZX 


NEW DATA 


TL/H/5676-28 


ADC 1225 



DATA 

(DB0-DB12) 


TL/H/5676-29 


When using this method of conversion only one strobe is 
necessary and the rising edge of WR/RD can be used to 
read the current conversion results. These methods reduce 
the throughput time of the conversion since the TO and WR 
cycles are combined. 

2. With the standard timing WR pulse width longe r than the 
conversion time a conversion is completed but the INTR will 
never go low to signal the end of a conversion. The output 
latches will be updated and valid information will be avail- 
able when the RD cycle is accomplished. 


3. Tying CS and TO low continuously and strobi ng WR to 
initiate a conversion will also yield valid data. The INTR will 
never go low to signal the end of a conversion and t he 
digital outputs will always be enabled, so using INTR to 
strobe the WR line for a continuous conversion cannot be 
done with this part. 

A_simple stand-alone circuit can be accomplished by driving 
WR with the inverse of the READY OUT signal using a sim- 
ple inverter as shown below. 


\ i \ r 

t f i f 


INTR 


READY OUT 


( > 

LEAST 

SIGNIFICANT 

BYTE 

FIGURE 14 TL/H/5676-30 


DATA 

(DB0-DB7) 


y 

MOST 

SIGNIFICANT 

BYTE 



3 
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Functional Description (Continued) 

ADC1205 

Case 1 would be the only one that would appy to the 
ADC1205 since two RD strobes are necessary to retrieve 
the 13 bits of information on the 8 bit data bus. Simulta- 
neously strobing WR and RD low will enable the most signif- 
icant byte on DB0-DB7 and start a conversion. Pulsing 
WR/RD low before the end of this conversion will enable 
the least significant byte of data on the outputs and restart a 
conversion. 

4.0 REFERENCE VOLTAGE 

The voltage applied to the reference input of the converter 
defines the voltage span of the analog inputs (the difference 
between V|N(+) and V|N(_), over which 4096 positive out- 
put codes and 4096 negative output codes exist. The 
A-to-D can be used in either ratiometric or absolute refer- 
ence applications. Vref must be connected to a voltage 
source capable of driving the reference input resistance 
(typically 4 kft). 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. When this 
voltage is the system power supply, the Vref P in can be 
tied to V C c- This technique relaxes the stability requirement 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be- 
tween very specific voltage limits, the reference pin can be 
biased with a time and temperature stable voltage source. 
In general, the magnitude of the reference voltage will re- 
quire an initial adjustment to null out full-scale errors. 

5.0 THE ANALOG INPUTS 

5.1 DIFFERENTIAL VOLTAGE INPUTS AND COMMON 
MODE REJECTION 

The differential inputs of the ADC1225 and ADC1205 actu- 
ally reduce the effects of common-mode input noise, i.e., 
signals common to both V|N(+) and V|N(_) inputs (60 Hz is 
most typical). The time interval between sampling the “ + ” 
and input is 4 clock periods. Therefore, a change in the 
common-mode voltage during this short time interval may 
cause conversion errors. For a sinusoidal common-mode 
signal the error would be: 

4 

VERROR(MAX) = VpEAK ( 277 f CM) 

where fcM is the frequency of the common-mode signal, 
VpEAK is its peak voltage value and fcLK is the converter’s 
clock frequency. In most cases Verror will not be signifi- 
cant. For a 60 Hz common-mode signal to generate a y 4 
LSB error (300 jutV) with the converter running at 1 MHz its 
peak value would have to be 200mV. 

5.2 INPUT CURRENT 

Due to the sampling nature of the analog inputs, short dura- 
tion spikes of current enter the “ + ” input and exit the 
input at the leading clock edges during the actual conver- 
sion. These currents decay rapidly and do not cause errors 
as the internal comparator is strobed at the end of a clock 
period. 

5.3 INPUT BYPASS CAPACITORS 

Bypass capacitors at the inputs will average the current 
spikes mentioned in 5.2 and cause a DC current to flow 


through the output resistance of the analog signal source. 
This charge pumping action is worse for continuous conver- 
sions with the V|N( + ) input voltage at full-scale. For continu- 
ous conversions with a 1 MHz clock frequency and the 
V IN(+) i n P ut at 5V, the average input current is approximate- 
ly 5 fxA. For this reason bypass capacitors should not be 
used at the analog inputs for high resistance sources 
(^source 100 ft)- 

If input bypass capacitors are necessary for noise filtering 
and high source resistance is desirable to minimize capacitor 
size, the detrimental effects of the voltage drop across this 
input resistance, due to the average value of the input cur- 
rent, can be minimized with a full-scale adjustment while the 
given source resistance and input bypass capacitor are both 
in place. This is effective because the average value of the 
input current is a linear function of the differential input volt- 
age. 

5.4 INPUT SOURCE RESISTANCE 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input cur- 
rents settle out prior to the comparison time. If a low pass 
filter is required in the system, use a low valued series resis- 
tor (R ^ 1 00 fi) for a passive RC section or add an op amp 
RC active low pass filter. For low source resistance applica- 
tions, (Rsource^" 100 ft) a 0.001 jxF bypass capacitor at 
the inputs will prevent pickup due to series lead inductance 
of a long wire. A 100 Cl series resistor can be used to isolate 
this capacitor - both the R and C are placed outside the 
feedback loop - from the output of an op amp, if used. 

5.5 NOISE 

The leads to the analog inputs should be kept as short as 
possible to minimize input noise coupling. Both noise and 
undesired digital clock coupling to these inputs can cause 
errors. Input filtering can be used to reduce the effects of 
these sources, but careful note should be taken of sections 
5.3 and 5.4 if this route is taken. 

6.0 POWER SUPPLIES 

Noise spikes on the Vcc supply line can cause conversion 
errors as the comparator will respond to this noise. Low 
inductance tantalum capacitors of 1 juF or greater are rec- 
ommended for supply bypassing. Separate bypass caps 
should be placed close to the DVcc and AVcc pins. If an 
unregulated voltage source is available in the system, a sep- 
arate LM340LAZ-5.0 voltage regulator for the A-to-D’s Vcc 
(and other analog circuitry) will greatly reduce digital noise 
on the supply line. 

7.0 ERRORS AND REFERENCE VOLTAGE 
ADJUSTMENTS 

7.1 ZERO ADJUST 

The zero error of the A/D converter relates to the location 
of the first riser of the transfer function and can be mea- 
sured by grounding the V|N(_) input and applying a small 
magnitude positive voltage to the V|N(+) input. Zero error is 
the difference between the actual DC input voltage neces- 
sary to just cause an output digital code transition from all 
zeroes to 0,0000,0000,0001 and the ideal y 2 LSB value (y 2 
LSB = 0.61 mV for Vref = 5 Vqc)- Zero error can be adjust- 
ed as shown in Figure 15. V|N(+) is forced to 0.61 mV, and 
V|N(_) is forced to 0V. The potentiometer is adjusted until 
the digital output code changes from all zeroes to 
0,000,0000,0001. 
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Functional Description (Continued) 

A simpler, although slightly less accurate, approach is to 
ground V|N(+j and V|N(_), and adjust for all zeros at the 
output. Error will be well under y 2 LSB if the adjustment is 
done so that the potentiometer is “centered” within the 
0,000,000 range. A positive voltage at the Vqs input will 
reduce the output code. The adjustment range is +4 to 
-30 LSB. 



FIGURE 15. Zero Adjust Circuit 


7.2 POSITIVE AND NEGATIVE FULL-SCALE 
ADJUSTMENT 

Unipolar Inputs 

Apply a differential input voltage which is 1 .5 LSB below the 
desired analog full-scale voltage (Vp) and adjust the magni- 

Typical Applications 


tude of the Vref input so that the output code is just chang- 
ing from 0,1111,1111,1110 to 0,1111,1111,1111. 

Bipolar Inputs 

Do the same procedure outlined above for the unipolar case 
and then change the differential input voltage so that the 
digital output code is just changing from 1,0000,0000,0001 
to 1 ,0000,0000,0000. Record the differential input voltage, 
Vx- the ideal differential input voltage for that transition 
should be; 

( _VF + iTii) 

Calculate the difference between Vx and the ideal voltage; 



Then apply a differential input voltage of; 

M) 

and adjust the magnitude of Vref so the digital output 
code is just changing from 1,0000,0000,0001 to 
1 ,0000,0000,0000. That will obtain the positive and negative 
full-scale transition with symmetrical minimum error. 


’Input must have some 
current return path to 
signal ground 



TL/H/5676-12 
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Ordering Information 


Temperature Range 

0°C to 70° C 

— 40°C to +85°C 

Non-Linearity 

0.012% 

ADC1205BCJ-1 

ADC1225BCJ-1 

ADC1 205BCJ 

ADC1 225BCJ 

0.024% 

ADC1205CCJ-1 



ADC1 225CCJ 

Package Outline 

J24A 

J28A 

J24A 

J28A 
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National 
Semiconductor 
Corporation 

ADC1210, ADC1211 12-Bit CMOS A/D Converters 

General Description 

The ADC1 21 0, ADC1 21 1 are low power, medium speed, 1 2- 
bit successive approximation, analog-to-digital converters. 

The devices are complete converters requiring only the ap- 
plication of a reference voltage and a clock for operation. 

Included within the device are the successive approximation 
logic, CMOS analog switches, precision laser trimmed thin 
film R-2R ladder network and FET input comparator. 

The ADC1210 offers 12-bit resolution and 12-bit accuracy, 
and the ADC121 1 offers 12-bit resolution with 10-bit accura- 
cy. The inverted binary outputs are directly compatible with 
CMOS logic. The ADC1210, ADC1211 will operate over a 
wide supply range, convert both bipolar and unipolar analog 
inputs, and operate in either a continuous conversion mode 
or logic-controlled START-STOP conversion mode. The de- 
vices are capable of making a 12-bit conversion in 100 jus 
typ, and can be connected to convert 10 bits in 30 jus. 


Both devices are available in military and industrial tempera- 
ture ranges. 

Features 

■ 12-bit resolution 

■ ± 3 / 4 LSB or ±2 LSB nonlinearity 

■ Single + 5V to ± 1 5V supply range 

■ 1 00 jlls 1 2-bit, 30 jlis 1 0-bit conversion rate 

■ CMOS compatible outputs 

■ Bipolar or unipolar analog inputs 

■ 200 kH analog input impedance 



Block Diagram 



COMPARATOR 

OUTPUT 


TL/H/5677-1 


Dual-In-Line Package 



Order Number ADC1210HD, 
ADC1210HCD, ADC1211HD, 
ADC1211HCD 
See NS Package D24D 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Maximum Reference Supply Voltage (V + ) 16V 

Maximum Negative Supply Voltage (V - ) -20V 

Voltage At Any Logic Pin V + + 0.3V 

Analog Input Voltage ± 1 5V 

Maximum Digital Output Current ± 1 0 mA 

Maximum Comparator Output Current 50 mA 

Comparator Output Short-Circuit Duration 5 Seconds 

Power Dissipation See Curves 

Operating Temperature Range 

ADC1210HD, ADC1211HD -55°Cto + 125°C 

ADC1210HCD, ADC1211HCD -25°Cto +85°C 

Storage Temperature Range -65°C to + 1 50°C 

Lead T emperature (Soldering, 1 0 seconds) 300°C 

ESD Susceptibility (Note 4) TBD V 

DC Electrical Characteristics (Notes i and 2 ) 









Parameter 

Conditions 

ADC1210 

ADC1211 


Min 

Typ 

Max 

Min 

Typ 

Max 

Resolution 


12 



12 



Bits 

Linearity Error 

(Note 3) 

fCLK = 65 kHz, T a = 25°C 
f CL K = 65 kHz 



±0.0183 

±0.0366 


■ 

±0.0488 

% FS 
% FS 

Full Scale Error 

T A =25°C, Unadjusted 



0.20 



0.50 

% FS 

Zero Scale Error 

T A =25°C, Unadjusted 



0.20 



0.50 

% FS 

Quantization Error 




±1/2 



±1/2 

LSB 

Input Resistor Values 

R27, R28 


20 



20 


ka 

Input Resistor Values 

R25, R26 


200 



200 


kft 

Input Resistor Ratios 

R25/R26, R27/R28 



0.8 



0.8 

% 

Logic “1 ” Input Voltage 


8 



8 



V 

Logic “0” Input Voltage 




2 



2 

V 

Logic “1” Input Current 

V| N = 10.24V 



1 



1 

juA 

Logic “0” Input Current 

> 

0 

II 

z 

> 



-1 



-1 

jiiA 



9.2 



9.2 



V 

Logic “0” Output Voltage 

IquT^ 1 JwA 



0.5 



0.5 

V 

Positive Supply Current 

V+ = 15V,f C LK = 65 kHz, 
T a = 25°C 


5 

8 


5 

8 

mA 

Negative Supply Current 

V- = -15V,T a =25°C 


4 

6 


4 

6 

mA 

AC Electrical Characteristics t a 

= 25°C, (Notes 1 and 2) 







Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Conversion Time 



100 

200 

JLLS 

Maximum Clock Frequency 



130 

65 

kHz 

Clock Pulse Width 


100 

50 


ns 

Propagation Delay From Clock to Data Output 

t r ^tf^10ns 


60 

150 

ns 

(QO toQII) 






Propagation Delay from Clock to Conversion 

t r ^tf^10ns 


60 

150 

ns 

Complete 






Clock Rise and Fall Time 




5 

jULS 

Input Capacitance 



10 


PF 

Start Conversion Set-Up Time 


30 



ns 

Note 1: Unless otherwise noted, these specifications apply for V+ = 10.240V, V~= -15V, over the temperature range -55°C to +125°C for the ADC1210HD, 
ADC1211HD, and -25°C to +85°C for the ADC1210HCD, ADC1211HCD. 

Note 2: All typical values are for Ta=25°C. 

Note 3: Unless otherwise noted, this specification applies over the temperature range - 25°C to + 85°C. Provision is made to adjust zero scale error to 0V and full- 
scale to 1 0.2375V during testing. Standard linearity test circuit is shown in Figure 5a. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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Schematic Diagram 


V~ *IN 



Note: 3 bits shown for clarity 


Power Dissipation vs 



0 25 50 75 100 125 150 

TEMPERATURE ( C) 


TL/H/5677-4 


1.0 THEORY OF OPERATION 

The ADC1210, ADC1211 are successive approximation an- 
alog-to-digital converters, i.e., the conversion takes place 1 
bit at a time by comparing the output of the internal D/A to 
the (unknown) input voltage. The START input (pin 13), 
when taken low, causes the register to reset synchronously 
on the next CLOCK low-to-high transition. The MSB, Q1 1 is 
set to the low state, and the remaining bits, Q0 through Q10, 
will be set to the high state. The register will remain in this 
state until the SC input is taken high. When START goes 
high, the conversion will begin on the low-to-high transition 
of the CLOCK pulse. Q11 will then assume the state of pin 
23. If pin 23 is high, Q1 1 will be high; if pin 23 is low, Q1 1 will 
remain low. At the same time, the next bit Q10 is set low. All 
remaining bits, Q0-Q9 will remain unchanged (high). This 
process will continue until the LSB (QO) is found. When 


Supply Current vs 



0 5 10 15 

SUPPLY VOLTAGE (±V) 

TL/H/5677-5 


the conversion process is completed, it is indicated by CON- 
VERSION COMPLETE (CC) (pin 14) going low. The logic 
levels at the data output pins (pins 1-12) are the comple- 
mented-binary representation of the converted analog sig- 
nal with Q1 1 being the MSB and QO being the LSB. The 
register will remain in the above state until the SC is again 
taken low. 

An application example is shown in Figure 1. In this case, a 
0 to —10.2375V input is being converted using the 
ADC1210 with V+ = 10.240V, V" = -15V. Figure 1b is the 
timing diagram for full scale input. Figure 1c is the timing 
diagram for zero scale input, Figure Id is the timing diagram 
for -3.4125V input (010101010101 = output). 
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TABLE 1. Pin Assignments and Explanations 


Pin Number 

Mnemonic 

Function 

1-12 

Q11-Q0 

Digital (data) output pins. This information is a parallel 12-bit complemented binary repre- 
sentation of the converted analog signal. All data is valid when “Conversion Complete” 
goes low. Logic levels are ground and V+. 

13 

SC 

Start Conversion is a logic input which causes synchronous reset of the successive 
approximation register and initiates conversion. Logic levels are ground and V+. 

14 

CC 

“Conversion Complete” is a digital output signal which indicates the status of the con- 
verter. When CC is high, conversion is taking place, when low conversion is completed. 
Logic levels are ground and V + . 

15,16 

R27, R28 

R27 and R28 are two application resistors connected to the comparator non-inverting 
input. The resistors may be used in various modes of operation. Their nominal values are 

20 kfl each. See Applications section. 

17 

+ IN 

Non-inverting input of the analog comparator. This node is used in various configurations 
and for compensation of the loop. See Applications section. 

18,19 

R25, R26 

R25 and R26 are two application resistors that are tied internally to the inverting input of 
the comparator. Their nominal values are 200 kfl each. See Applications section. The R- 
2R ladder network will have the same temperature coefficient as these resistors. 

20 

V" 

Negative supply voltage for bias of the analog comparator. Optionally may be grounded 
or operated with voltages to -20V. 

21 

GND 

Ground for both digital and analog signals. 

22 

V+(V REF ) 

V+ sets both maximum full scale and input and output logic levels. 

23 

CO 

Comparator output. 

24 

Cp 

Clock is an input which causes the successive approximation (shift) register to advance 
through the conversion sequence. Logic levels are ground and V+. 


2.0 APPLICATIONS 

2.1 Power Supply Considerations and 
Decoupling 

Pin 22 is both the positive supply and voltage reference 
input to the ADC1210, ADC1211. The magnitude of V+ de- 
termines the input logic “1” threshold and the output volt- 
age from the CMOS SAR. The device will operate over a 
range of V + from 5V to 1 5V. However, in order to preserve 
12-bit accuracy, V+ should be well regulated (0.01%) and 
isolated from external switching transients. It is therefore 
recommended that pin 22 be decoupled with a 4.7 jliF tanta- 
lum capacitor in parallel with a 0.1 juF ceramic disc capaci- 
tor. 

The V~ supply (pin 20) provides negative bias for the FET 
comparator. Although pin 20 may be grounded in some ap- 
plications, it must be at least 2V more negative than the 
most negative analog input signal. When a negative supply 
is used, pin 20 should also be bypassed with 4.7 juF in paral- 
lel with 0.1 /aF. 

Grounding and circuit layout are extremely important in pre- 
serving 1 2-bit accuracy. The user is advised to employ sep- 
arate digital and analog returns, and to make these PC 
board traces as “heavy” as practical. 

2.2 Short Cycle for Improved Conversion 
Time (Figure 2) 

The ADC1210, ADC1211 counting sequence may be trun- 
cated to decrease conversion time. For example, when us- 
ing the ADC1211, 2 clock intervals may be “saved” if 


1 0-bit conversion accuracy is taking place. The Q2 output 
should be “OR’d” with CONVERSION COMPLETE (CC) in 
order to ensure that the register does not lock-up upon pow- 
er turn-on. 


I OO Q 
1 

o 


|23(22|21|20|19|18 |17|16|15 f 14 1 13 
c6 se 

1/4 MM74C08 

A0C1211 

11 Q2 03 04 05 Q6 Q7 08 09 Q10Q11 





wumm 


DIGITAL OUTPUTS 


TL/H/5677-10 

FIGURE 2. Short Cycling the ADC1211 to improve 
10-Bit Conversion Time (Continuous Conversion) 

2.3 Logic Compatibility 

The ADC1210, ADC1211 is intended to interface with 
CMOS logic levels: i.e., the logic inputs and outputs are di- 
rectly compatible with series 54C/74C and CD4000 family 
of logic components. The outputs of the ADC1210, 
ADC1211 will not drive LPTTL, TTL or PMOS logic directly 
without degrading accuracy. Various recommended inter- 
face techniques are shown in Figures 3 and 4. 


2.4 Operating Configurations 

Several recommended operating configurations are shown 
in Figure 5. 
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5V 

ov 


Vcc 15V) 



DIGITAL OUTPUTS 
TTLOR5V CMOS 
COMPATIBLE 


TL/H/5677-1 1 


FIGURE 3. Interfacing an ADC1210, ADC1211 Running on V+ > V CC - Example: V+ = 10.24V, System V C c = 5V 


15V 

OV 


Vcc* 15V 



TL/H/5677-1 2 


FIGURE 4. Interfacing an ADC1210, ADC1211 Running on V+ < V cc . Example: V+ = 5V, V cc = 15V 


2.5 Offset and Full Scale Adjust 

A variety of techniques may be employed to adjust Offset 
and Full Scale on the ADC1210, ADC1211. A straight-for- 
ward Full Scale Adjust is to incrementally vary V+ (Vref) to 
match the analog input voltage. A recommended technique 
is shown in Figure 6. An LM199 and low drift op amp(e.g., 
the LH0044) are used to provide the precision reference. 
The ADC1210, ADC1211 is put in the continuous convert 
mode by shorting pins 13 and 14. An analog voltage equal 
to Vref minus V/ 2 LSB (10.23625V) is applied to pins 18 
and 19, and R1 is adjusted until the LSB flickers equally 
between logic “1” and logic “0” (all other out- 


puts must be stable logic “0”). Offset Null is accomplished 
by then applying an analog input voltage equal to y 2 LSB at 
pins 1 8 and 1 9. R2 is adjusted until the LSB output flickers 
equally between logic “1” and logic “0” (all other bits are 
stable). In the circuit of Figure 6, the ADC1210, ADC121 1 is 
configured for Complementary Binary logic and the values 
shown are for V+ = 10.240V, V F s = 10.2375V, 
LSB = 2.5 mV. 

An alternate technique is shown in Figure 7. In this instance, 
an LH0071 is used to provide the reference voltage. An 
analog input voltage equal to Vref minus iy 2 LSB 
(10.23625V) is applied to pins 18 and 19. 
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Applications Information (Continued) 


START O- 7 H 1 55 0/A AND SAR LOGIC 


5V<;V+<M5V 
0V^V| N ^V + 
Logical “1”^0.5V 
Logical “0”=V + 


21 1 2 3 4 5 6 7 8 9 10 11 12 


2-12 DIGITAL 2' 1 

OUTPUTS 




1 19 ] is |w lie lie 20 


ANALOG “ v + 

,NPUT IVref) 


— TL/H/5677-13 


FIGURE 5a. Single Supply Configuration, Complementary Logic 


CLOCK PULSE Q— jc P 

START Q J ISC 


21 1 2 3 4 5 6 7 U 9^.0 lilu 


19 18 17 IlG 15 20 


I 


V+ = 15.000V 
V~ = -15V 
0^V| N ^10V 
Logical “1” ^14V 
Logical “0” ^0.5V 


2~'2 DIGITAL 

- OUTPUTS 


FIGURE 5b. High Voltage CMOS Compatible, 0V to 10V Input 


START O ; 1 SC 0/A AND SAR LOGIC 

CONVERSION ~ I I pf 

COMPLETE ° | cd 


21 1 2 3 4 5 6 7 8 9 10 lTT.2 


119 lie 16 15 117 20 


J 


DIGITAL 2" 1 

OUTPUTS 


V+ = 10.24 V 
- 5.1 2V£V| N <;+ 5.12V 
Logical “1”^0.5V 
Logical “0”siov 


FIGURE 5c. Bipolar Input, Complementary Logic 
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Applications Information (Continued) 



FIGURE 6. Offset and Full Scale Adjustment for Complementary Binary 


TL/H/5677-16 


R1 is adjusted until the LSB output flickers equally between 
logic “1” and logic “0” (all other outputs must be a stable 
logic “0”). For Offset Null, an analog voltage equal to 1/2 
LSB (1.25 mV) is then applied to pins 18 and 19, and R2, is 
adjusted until the LSB output flickers equally between logic 
“1” and “0”. 



-isv TL/H/5677-17 

FIGURE 7. Offset and Full-Scale Adjustment 
Technique Using LH0071 

In both techniques shown, adjusting the Full-Scale first and 
then Offset minimizes adjustment interaction. At least one 
iteration is recommended as a self-check. 

2.6 START PULSE CONSIDERATIONS 

To assure reliable conversion accuracy, the START (SC) 
pulse applied to pin 13 of the ADC1210 should be synchro- 
nized to the conversion clock. One simple way to do that is 
the circuit shown in Figure 8. Note that once a conversion 
cycle is initiated, the START signal cannot effect the con- 
version operation until it is completed. 



FIGURE 8. Synchronizing the START Pulse 


The circuit insures that in no case can the ADC1210 make 
an error in the Most Significant Bit (MSB) decision. Without 
the circuit, it is pos sible for energy from the trailing edge of 
an asynchronous START pulse to be coupled into the 
ADC1210’s comparator. If the analog input is near half- 
scale, the charge injected can force an error in the MSB 
decision. The circuit allows one clock period for this energy 
to dissipate before the decision is recorded. 

2.7 ADC1210 CONVERSION AT 26 jus 

The ADC1210 can run at 500 kHz clock frequency, or 12-bit 
conversion time of 26 jms {Figure 9). The comparator output 
is clamped low until the successive approximation register 
(SAR) is ready to strobe in the data at the rising edge of the 
conversion clock. Comparator oscillation is suppressed and 
kept from influencing the conversion decisions, eliminating 
the need for the AC hysteresis circuit above clock frequency 
of 65 kHz that is recommended. 


Vref 



A complementary phased clock is required. The positive 
phase is used to clock the converter SAR as is normally the 
case. The same signal is buffered and inverted by the tran- 
sistor. The open collector is wire-ORed to the output of the 
comparator. During the first half of the clock cycle (50% 
duty cycle), the comparator output is clamped and disabled, 
though its internal operation is still in normal working order. 
The last half cycle of the clock unclamps the comparator 
output. Thus, the output is permitted to slew to the final logic 
state just before the decision is logged into the SAR. The 
MM74C906 buffer (or with two inverting buffers) provides 
adequate propogation delay such that the comparator out- 
put data is held long enough to resolve any internal logic 
setup time requirements. 
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Applications Information (Continued) 

The 500 kHz clock implies that the absolute minimum 
amount of time for the comparator output is undamped is 1 
jus. Therefore, if the clock is not 50% duty cycle, this 1 /as 
requirement must be observed. 

3.0 DEFINITION OF TERMS 

Resolution: The Resolution of an A/D is an expression of 
the smallest change in input which will increment (or decre- 
ment) the output from one code to the next adjacent code. It 
is defined in number of bits, or 1 part in 2 n . The ADC1210 
and ADC121 1 have a resolution of 12 bits or 1 part in 4,096 
(0.0244%). 

Quantization Uncertainty: Quantization Uncertainty is a di- 
rect consequence of the resolution of the converter. All ana- 
log voltages within a given range are represented by a sin- 
gle digital output code. There is, therefore, an inherent con- 
version error even for a perfect A/D. As an example, the 
transfer characteristic of a perfect 3-bit A/D is shown in 
Figure 10. 



ANALOG INPUT VOLTAGE 

TL/H/5677-21 

FIGURE 10. Quantization Uncertainty 
of a Perfect 3-Bit A/D 


As can be seen, all input voltages between 0V and IV are 
represented by an output code of 000. All input voltages 
between 1 V and 2V are represented by an output code of 
001, etc. If the midpoint of the range is assumed to be the 
nominal value (e.g., 0.5V), there is an Uncertainty of ±1/2 
LSB. It is common practice to offset the converter 1 /2 LSB 
in order to reduce the Uncertainty to ±1/2 LSB is shown in 
Figure 11 , rather than +1, -0 shown in Figure 10. Quanti- 
zation Uncertainty can only be reduced by increasing Reso- 
lution. It is expressed as ±1/2 LSB or as an error percent- 
age of full scale (±0.0122% FS for the ADC1210). 



ANALOG INPUT VOLTAGE 


TL/H/5677-22 

FIGURE 11. Transfer Characteristic Offset 
1/2 LSB to Minimize Quantizing Uncertainty 


Linearity Error: Linearity Error is the maximum deviation 
from a straight line passing through the end points of the 
A/D transfer characteristic. It is measured after calibrating 
Zero and Full Scale Error. Linearity is a performance char- 
acteristic intrinsic to the device and cannot be externally 
adjusted. 


Zero Scale Error (or Offset): Zero Scale Error is a mea- 
sure of the difference between the output of an ideal and 
the actual A/D for zero input voltage. As shown in Figure 
12 , the effect of Zero Scale Error is to shift the transfer 
characteristic to the right or left along the abscissa. Any 
voltage more negative than the LSB transition gives an out- 
put code of 000. In practice, therefore, the voltage at which 
the 000 to 001 transition takes place is ascertained, this 
input voltage’s departure from the ideal value is defined as 
the Zero Scale Error (Offset) and is expressed as a percent- 
age of FS. In the example of Figure 12, the offset is 2 LSB’s 



- 2-101 2 3 4 5 6 7 8 


ANALOG INPUT VOLTAGE 

TL/H/5677-20 

FIGURE 12. A/D Transfer Characteristic with Offset 


The Zero Scale Error of the ADC1210, ADC1211 is caused 
primarily by offset voltage in the comparator. Because it is 
common practice to offset the A/D 1/2 LSB to minimize 
Quantization Error, the offsetting techniques described in 
the Applications Section may be used to null Zero Scale 
Error and accomplish the 1 /2 LSB offset at the same time. 
Full Scale Error (or Gain Error): Full Scale Error is a mea- 
sure of the difference between the output of an ideal A/D 
converter and the actual A/D for an input voltage equal to 
full scale. As shown in Figure 13, the Full Scale Error effect 
is to rotate the transfer characteristic angularly about the 
origin. Any voltage more positive than the Full Scale tran- 
sition gives an output code of 1 1 1 . In practice, therefore, the 
voltage at which the transition from 111 to 110 occurs is 
ascertained. The input voltage’s departure from the ideal 
value is defined as Full Scale Error and is expressed as a 
percentage of FS. In the example of Figure 13, Full Scale 
Error is 1 1/2 LSB’s or 0.214% of FS. 



ANALOG INPUT VOLTAGE 


TL/H/5677-23 


FIGURE 13. Full Scale (Gain Error) 


Full Scale Error of the ADC1210, ADC1211 is due primarily 
to mismatch in the R-2R ladder equivalent output imped- 
ance and input resistors R25, R26, R27, and R28. The gain 
error may be adjusted to zero as outlined in section 2.5. 
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Applications Information (Continued) 

Monotonicity and Missing Codes: Monotonicity is a prop- 
erty of a D/A which requires an increasing or constant out- 
put voltage for an increasing digital input code. Monotonicity 
of a D/A converter does not, in itself, guarantee that an A/D 
built with that D/A will not have missing codes. However, 
the ADC1210 and ADC1211 are guaranteed to have no 
missing codes. 

Conversion Time: The ADC1210, ADC1211 are succes- 
sive approximation A/D converters requiring 13 clock inter- 
vals for a conversion to specified accuracy for the ADC1210 
and 11 clocks for the ADC1211. There is a trade-off be- 
tween accuracy and clock frequency due to settling time of 
the ladder and propagation delay through the comparator. By 


modifying the hysteresis network around the comparator, 
conversions with 10-bit accuracy can be made in 30 jas. 
Replace Ra, Rb and Ca in Figure 5 with a 10 MH resistor 
between pin 23 (Comparator Output) and pin 17 (+ IN), and 
increase the clock rate to 366 kHz. 

In order to prevent errors during conversion, the analog in- 
put voltage should not be allowed to change by more than 
±1/2 LSB. This places a maximum slew rate of 12.5 juV/jus 
on the analog input voltage. The usual solution to this re- 
striction is to place a Sample and Hold in front of the A/D. 
For additional application information, refer to application 
note AN245. 
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ADC351 1/ADC371 1 


National PRELIMINARY 

Semiconductor 
Corporation 

ADC3511 3y 2 -Digit Microprocessor Compatible A/D 
Converter 

ADC371 1 3%-Digit Microprocessor Compatible A/D 
Converter 

General Description 

The ADC3511 and ADC3711 (MM74C937, MM74C938-1) 
monolithic A/D converter circuits are manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 

One 5 V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and indicated on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. 

The ADC351 1 and ADC371 1 have been designed to pro- 
vide addressed BCD data and are intended for use with 
microprocessors and other digital systems. BCD digits are 
selected on demand via 2 Digit Select (DO, D1) inputs. Digit 
Select inputs are latched by a low-to-high transition on the 
Digit Latch Enable (DLE) input and will remain latched as 
long as DLE remains high. A start conversion input and a 


conversion complete output are included on both the 
ADC3511 and the ADC3711. 

Features 

■ Operates from single 5V supply 

■ ADC3511 converts 0 to ±1999 counts 

■ ADC3711 converts 0 to ±3999 counts 

■ Addressed BCD outputs 

■ No external precision components necessary 

■ Easily interfaced to microprocessors or other digital 
systems 

■ Medium speed— 200 ms/conversion 

■ TTL compatible 

■ Internal clock set with RC network or driven externally 

■ Overflow indicated by hex “EEEE” output reading as 
well as an overflow output 

Applications 

■ Low cost analog-to-digital converter 

■ Eliminate analog multiplexing by using remote 
A/D converters 

■ Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 



Connection Diagram 

DuaHn-Line Package 



2l 

2 0 

v ss 

D1 

DO 

DLE 

f 0UT 

'IN 

Vref 

swi Order Number ADC351 ICON 
or ADC3711CCN 
sw 2 NS Package N24A 

ANALOG GND 

TL/H/5678-1 
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Absolute Maximum Ratings <Notei) 

If Military/ Aerospace specified devices are required, Absolute Maximum Vcc 6.5V 

contact the National Semiconductor Sales Office/ Storage Temperature Range -65°Cto + 150°C 

Distributors for availability and specifications. Lead Temp (So|der|ng 10 seconds) 2 60“C 

Voltage at Any Pin -0.3Vto V cc +0.3V ESD Susceptibility (Note 5) TBD V 

Operating Temperature Range (Ta) -40°C to + 85°C 

Package Dissipation at Ta = 25°C 500 m W 

Operating Vcc Range 4.5V to 6.0V 

DC Electrical Characteristics adc35hcc, adc37hcc 

4.75V ^ Vcc ^ 5.25V, -40°C^Ta^ +85°C, unless otherwise specified. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Units 

V|N(1) 

Logical “1" Input Voltage 
(Except f| N ) 


Vcc- 1.5 



V 

V|N(0) 

Logical “0” Input Voltage 
(Except f !N ) 




1.5 

V 

V|N(1) 

Logical “1” Input Voltage 
(f|N) 


< 

o 

o 

1 

o 

O) 



V 

V|N(0) 

Logical “0” Input Voltage 
(f|N) 




0.6 

V 

VqUT(1) 

Logical “1” Output Voltage 
(Except 20, 21,22, 23) 

10 = 360 juA 

M- 

o 

1 

O 

O 

> 



V 


Logical “1” Output Voltage 
(20, 2 \ 22, 23) 

lo = 360 jllA 

< 

o 

1 

o 



V 

VOUT(O) 

Logical “0” Output Voltage 

lo= 1.6 mA 



0.4 

V 

•lN(1) 

Logical “1” Input Current 
(SC, DLE, DO, D1) 

V|N = V C c 


0.005 

1.0 

jllA 

l|N(0) 

Logical “0” Input Current 
(SC, DLE, DO, D1) 

V, N = 0V 

-1.0 

-0.005 


(jlA 

lee 

Supply Current 

All Outputs Open 


0.5 

5.0 

mA 

AC Electrical Characteristics adc35hcc,adc37hcc 

Vcc = 5V; Ta = 25°C, Cl= 50 pF; t r =tf=20 ns; unless otherwise specified. 

Symbol 

Parameter 

Conditions 

Min 

Typ 

(Note 2) 

Max 

Units 

fosc 

Oscillator Frequency 



0.6/RC 


Hz 

f|N 

Clock Frequency 


100 


640 

kHz 

fcONV 

Conversion Rate 

ADC351 ICC 
ADC371 ICC 

f| N / 64,51 2 
f| N / 129,024 

conversions/sec 

conversions/sec 

tscpw 

Start Conversion Pulse Width 


200 


DC 

ns 

tpdO, tpdl 

Propagation Delay 

DO, D1, to 20, 21,22, 23 

DLE = 0V 


2.0 

5.0 

jas 

tpdOi tpdl 

Propagation Delay 

DLE to 2», 21,22,23 



o 

cvi 


mam 

tSET-UP 

Set-Up Time 

DO, Dl.toDLE 

tHOLD = 0ns 


100 




Minimum Pulse Width 

Digit Latch Enable (Low) 



100 

200 

ns 
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Symbol 

Parameter 

Conditions 




Units 


Non-Linearity 

V| N = 0-2V Full Scale 

-0.05 

±0.025 

+ 0.05 

% of Full-Scale 



V|n = 0-200 mV Full Scale 




(Note 3) 


Quantization Error 


-1 


+ 0 

Counts 


Offset Error 

> 

o 

II 

z 

> 

-0.5 

+ 1.0 

+ 3.0 

mV 

(Note 4) 


Rollover Error 


-0 


+ 0 

Counts 

V||\| + . V|N — 

Analog Input Current 

T a =25°C 

-5 

±1 

+ 5 

nA 


Converter Characteristics adc 3 shcc, adc 37 i i cc 4.75 ^ v C c^ 5.25V; - 40 “c<:ta^+ 85 °c, 

f c =5 conv./sec (ADC3511CC); 2.5 conv./sec (ADC3711CC); unless otherwise specified. 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All typicals are given for Ta=25°C. 

Note 3: For the ADC3511CC: full-scale =1999 counts; therefore 0.025% of full-scale = y 2 count and 0.05% of full-scale=1 count. For the ADC3711CC: full- 
scale = 3999 counts; therefore 0.025% of full-scale=1 count and 0.05% of full-scale = 2 count. 

Note 4: For full-scale = 2.000V: 1 mV=1 count for the ADC3511CC; 1 mV = 2 counts for the ADC3711CC. 

Note 5: Human body model, 100 pF discharged through a 1.5ft resistor. 


Block Diagram 


ADC3511 3 Vi-Digit A/D f ADC3711 3 Vi-Digit A/D) 


31/2(3 3/4) DIGIT 
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Applications Information 

THEORY OF OPERATION 

A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at Vref or zero volts, depending on 
the state of the D flip-flop. If Q is at a high level, 
v out =v ref e nd if Q is at a low level Vqut^OV. This volt- 
age is then applied to the low pass filter comprised of R1 
and Cl. The output of this filter, Vpe. is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, V|n- The output of the comparator 
is connected to the D input of the D flip-flop. Information is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, V|n- 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500V. If the Q output of the D flip- 
flop is high then Vqut will equal Vref (2.000V) and Vfb will 
charge toward 2V with a time constant equal to R1C1. At 
some time Vfb will exceed 0.500V and the comparator out- 
put will switch to 0V. At the next clock rising edge the Q 
output of the D flip-flop will switch to ground, causing Vqut 
to switch to 0V. At this time, Vfb will start discharging 
toward 0V with a time constant R1C1. When Vfb is less 
than 0.5 V the comparator output will switch high. On the 
rising edge of the next clock the Q output of the D flip-flop 
will switch high and the process will repeat. There exists at 
the output of SW1 a square wave pulse train with positive 
amplitude Vref an d negative amplitude 0V. 


The DC value of this pulse train is: 

Vout = Vref; — x — = Vref (duty cycle) 
tON + tOFF 

The lowpass filter will pass the DC value and then: 

Vfb = Vref (duty cycle) 

Since the closed loop system will always force Vfb to equal 
Vin, we can then say that: 

V|N= Vfb = Vref (duty cycle) 
or 

-7^- = (duty cycle) 

Vref 

The duty cycle is logically ANDed with the input frequency 
flN- The resultant frequency f equals: 
f = (duty cycle) x(f in) 

Frequency f is accumulated by counter no. 1 for a time de- 
termined by counter no. 2. The count contained in counter 
no. 1 is then: 


(count) = 


(duty cycle) x (f|N) 


(f, N )/N 


(f|N)/N 


V| N 


X N 


Vref 

For the ADC3511 N = 2000. 
For the ADC3711 N = 4000. 



V|N= Vfb =VrefX (duty cycle) 
f = (duty cycle) xf| N 

Count in counter no. 1 = — [ ■■■- 
(f| N )/N 


(duty cycle) x f, N = V IN 
(f| N )/N Vref 


FIGURE 1. Analog Loop Schematic Pulse Modulation A/D Converter 
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Applications Information (Continued) 

GENERAL INFORMATION 

The timing diagram, shown in Figure 2, gives operation for 
the free running mode. Free running operation is obtained 
by connecting the Start Conversion input to logic “1” (Vcc)- 
In this mode the analog input is continuously converted and 
the digit latches are updated at a rate equal to 64,512 X 
1 /f| N for the ADC351 1 , or 1 29,024 for the ADC371 1 . 

The rising edge of the Conversion Complete output indi- 
cates that new information has been transferred from the 
internal counter to the digit latches. This information will re- 
main in the digit latches until the next low-to-high transition 
of the Conversion Complete output. A logic “1 ” will be main- 
tained on the Conversion Complete output for a time equal 
to 64Xl/f|N on the ADC3511, or 128X1/f|N on the 
ADC3711. 

Figure 3 gives the operation using the Start Conversion in- 
put. It is important to note that the Start Conversion input 
and Conversion Complete output do not influence the actual 
analog-to-digital conversion in any way. Internally the 
ADC3511 andADC3711 are always continuously converting 
the analog voltage present at their inputs. The Start Conver- 
sion input is used to control the transfer of information from 
the internal counter to the digit latches. 


An RS latch on the Start Conversion input allows a broad 
range of input pulse widths to be used on this signal. As 
shown in Figure 3, the Conversion Complete output goes to 
a logic “0” on the rising edge of the Start Conversion pulse 
and goes to a logic “1 ” some time later when the new con- 
version is transferred from the internal counter to the dis- 
play latch. Since the Start Conversion pulse can occur at 
any time during the conversion cycle, the amount of time 
from Start Conversion to Conversion Complete will vary. 
The maximum time is 64,512 X 1 /f|N (129,024 X 1 /firq for 
the ADC371 1 ) and the minimum time is 256 X 1 /f|N (512 X 
1/f| N ) for the ADC3711). 

SYSTEM DESIGN CONSIDERATIONS 

The ADC3511 and ADC3711 have reduced the problem of 
high resolution, high accuracy analog-to-digital conversion 
to nearly the level of simplicity, economy, and compactness 
usually associated with digital logic circuitry. However, they 
are truly high precision analog devices, and require the 
same kind of design considerations given to all analog cir- 
cuits. While great care has been taken in the design of the 
ADC3511 and ADC3711 to make their application as easy 
as possible, in order to utilize them to their full performance 
potential, good grounding, power supply distribution, decou- 
pling, and regulation techniques should be exercised. 


f IN 


CONVERSION CYCLE 
(INTERNAL SIGNAL) 


CONVERSION 

COMPLETE 


JUl 


NEW 

CONVERSION 

STARTS 


64,512 x 1/f (N 
(129,024 x 1/f| N r 

64,000 x 1/f )N 

(128,000 x 1/fiN) 


64,256 x 1/f| N 
"(128,512 x1/f| N )“ 


L__ 64/f IN 
^( 128 %) 


CONVERSION 

ENDS 


FIGURE 2. Conversion Cycle Timing Diagram for Free Running Operation 
(Times Shown in Parentheses are for the ADC371 1) 


CONVERSION CYCLE 
(INTERNAL SIGNAL) 


J 


U 



stabt n n n 

CONVERSION i i I I I ! 


CONVERSION J III 

COMPLETE , I i I 

TL/H/5678-4 

FIGURE 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 
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Truth Table 


DIGIT SELECT INPUTS 

SELECTED DIGIT 

DLE 

D1 

DO 

L 

L 

L 

Digit 0 (LSD) 

L 

L 

H 

Digit 1 

L 

H 

L 

Digit 2 

L 

H 

H 

Digit 3 (MSD) 

H 

X 

X 

Unchanged 


L = low logic level 
H = high logic level 
X = irrelevant logic level 


The value of the Selected Digit is presented at the 23, 2 2 , 2 1 and 
2° outputs in BCD format. 


Note 1: If the value of a digit changes while it is selected, that 
change will be reflected at the outputs. 

Note 2: An overflow condition will be indicated by a high level on 
the OVERFLOW output (pin 5) and El 6 in all digits. 

Note 3: The sign of the input voltage, when these devices are 
operated in the bipolar mode, is indicated by the SIGN output (pin 
8). A high level indicates a positive voltage, a low level a negative. 


Timing Diagrams 
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Typical Applications 


Figure 4 shows the ADC3511 and ADC3711 connected to 
convert 0 to +2.000 volts full scale operating from a non- 
isolated power supply. (Note that the ADC3511 converts 0 
to +1999 counts full scale, while the ADC371 1 converts 0 
to +3999 counts full scale.) In this configuration the SIGN 
output (pin 8) should be ignored. Higher voltages can, of 
course, be converted by placing fixed dividers in the inputs, 
while lower voltages can be converted by placing fixed di- 
viders in the feedback loop, as shown in Figure 6. 

Figures 5 and 6 show systems operating with isolated sup- 
plies that will convert both polarities of inputs. 60 Hz com- 
mon-mode noise can become a problem in these config- 


urations, so shielded transformers have been shown in the 
figures. The necessity for, and the type of shielding needed 
depends on the performance requirements, and the actual 
applications. 

The filter capacitors connected to Vfb (pin 12) and Vfiljer 
( pin 11) should be of a low leakage variety. In the examples 
shown every 1.0 nA of leakage will cause approximately 0.1 
mV error (1.0X10~9AX100 kft = 0.1 mV). If the currents in 
both capacitors are exactly equal however, little error will 
result since the source impedances driving both capacitors 
are approximately matched. 
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CONVERSION 

CONVERSION 

COMPLETE 


ADC351 1/ADC371 1 


1 L 2' 2 U D1 DODLE 


2 V REFERENCE 


I ANALOG V CC 


ADC3511CC 

(ADC3711CC) 


CONVERSION 

COMPLETE 

START 

CONVERSION 


I T offsetI 

I ADJUST I 


J rtf_J 


Note 1: All resistors %. watt, and 
±5%, unless otherwise specified. 
Note 2: All capacitors ±10%. 
Note 3: Low leakage capacitor. 
R1R2 


FIGURE 4. 3 %-Digit A/D; + 1999 Counts, +2.000 Volts Full Scale 
(3 %-Digit A/D; + 3999 Counts, + 2.000 Volts Full Scale) 
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Typical Applications (Continued) 



3-259 



"O 

o' 

> 

"O 

■O 

o' 

0) 

o' 

3 

0 ) 


(3 3 /rDigit A/D; ±3999 Counts, ±2.000 Volts Full Scale) 


uzeoav/useoav 




CONVERSION 

CONVERSION 

COMPLETE 


ADC351 1/ADC371 1 


2 3 2 Z 2 1 2° D1 DODLE 


ADC3511CC 
(ADC371 ICC) 


CONVERSION 

COMPLETE 

START 

CONVERSION 



I" T offset! 

I I ADJUSTI 


L-iLlTlJ rtfJ 


Note 1: All resistors % watt, and 
±5%, unless otherwise speci- 
fied. 

Note 2: All capacitors ±10% 
Note 3: Low leakage capacitor. 

R1R2 

No,c4: R3 = RTTSi ±50n 

Note 5: R4 = 900k ±1% for the 
ADC3511CC, 200.0 mV Full- 
Scale. 

R4=400k±1% for the 
ADC3711CC, 400.0 mV Full- 
Scale. 


FIGURE 6. 3 l/ 2 -Digit A/D; ± 1999 Counts, ±200.0 mV Full Scale 
(3 %-Digit A/D; ±3999 Counts, ±400.0 mV Full-Scale) 
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National 
Semiconductor 
Corporation 

ADD3501 3 y 2 Digit DVM with 
Multiplexed 7-Segment Output 

General Description 

The ADD3501 monolithic DVM circuit is manufactured using 
standard complementary MOS (CMOS) technology. A pulse 
modulation analog-to-digital conversion technique is used 
and requires no external precision components. In addition, 
this technique allows the use of a reference voltage that is 
the same polarity as the input voltage. 

One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the A/D conversion timing to eliminate noise due to 
power supply transients. 

The ADD3501 has been designed to drive 7-segment multi- 
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over- 
range, the overflow output will go high and the display will 
read +OFL or -OFL, depending on whether the input volt- 
age is positive or negative. In addition to this, the most sig- 
nificant digit is blanked when zero. 

A start conversion input and a conversion complete output 
are included on all 4 versions of this product. 


Connection Diagram 


— S e 
— Sf 

— s g 
— GND 

— DIGIT 1 (MSD) 

— DIGIT 2 
— DIGIT 3 
— DIGIT 4 (LSD) 

— <0UT 

— f|N 

— Vref 

— SW1 
SW2 

— ANALOG GND 

TL/H/5681 -1 

Order Number ADD3501CCN 
See NS Package Number N28B 


Vcc — 

1 


28 

ANALOG Vcc — 

2 


27 

s d — 

3 


26 

Sc — 

4 


25 

Sb — 

5 


24 

Sa — 

6 


23 

OFLO — 

7 

ADD3501 

22 

CONVERSION COMPLETE — 

8 


21 

START CONVERSION __ 

9 


20 

SIGN — 

10 


19 

vfilter — 

11 


18 

V|N<-> — 

12 


17 

V|N(+) — 

13 


16 

VFB — 

14 


15 


Features 

■ Operates from single 5V supply 

■ Converts OV to ± 1.999V 

■ Multiplexed 7-segment 

■ Drives segments directly 

■ No external precision component necessary 

■ Accuracy specified over temperature 

■ Medium speed - 200ms/conversion 

■ Internal clock set with RC network or driven externally 

■ Overrange Indicated by +OFL or -OFL display read- 
ing and OFLO output 

■ Analog inputs in applications shown can withstand 
±200 Volts 

Applications 

■ Low cost digital power supply readouts . 
a Low cost digital multimeters 

■ Low cost digital panel meters 

■ Eliminate analog multiplexing by using remote A/D con- 
verters 

■ Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 
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Absolute Maximum Ratings (Note i) 

If Military/ Aerospace specified devices are required, Package Dissipation at Ta=25°C 

contact the National Semiconductor Sales Office/ derate at 0ja(max) = 1 25°C/Watt 

Distributors for availability and specifications. above Ta=25°C 

Voltage at Any Pin - 0.3V to Vcc + 0.3 V Operating Vcc Range 

Operating Temperature Range (Ta) -40°C to + 85°C Absolute Maximum Vcc 

ESD Susceptibility (Note 3) TBDV Lead Temp. (Soldering, 1 0 seconds) 

Storage Temperature Range 

800 mW 

4.5V to 6.0V 

6.5V 

260° C 

— 65°C to + 1 50°C 

Electrical Characteristics add3soi 

4.75V ^ Vcc ^ 5.25V, -40°C ^ Ta £ + 85°C, unless otherwise specified. 





Symbol 

Parameter 

Conditions 

Min 

Typ(2) 

Max 

Units 

V IN(1) 

Logical “1” Input Voltage 


Vcc -1-5 



V 

V IN(0) 

Logical “0” Input Voltage 




1.5 

V 

V OUT(0) 

Logical “0” Output Voltage 
(All Digital Outputs except 

Digit Outputs) 

lo=1.1 mA 



0.4 

V 

V OUT(0) 

Logical “0” Output Voltage 
(Digit Outputs) 

Iq = 0.7 mA 



0.4 

V 

VoUT(1) 

Logical “1” Output Voltage 
(All Segment Outputs) 

l 0 = 50 m A@Tj = 25°C V C c = 5 V 
l o = 30 mA@Tj = 100°C 

V CC - 1.6 
V CC -1-6 

Vcc -1.3 
Vcc- 1.3 

■ 

V 

V 

VoUT( 1 ) 

Logical “1 ” Output Voltage 
(All Digital Outputs except 
Segment Outputs) 

Iq = 500/xA (Digit Outputs) 
lo = 360jaA (Conv. Complete, 

+ /-, Oflo Outputs) 

m- 

0 

1 

o 

o 

> 


■ 

V 

ISOURCE 

Output Source Current 
(Digit Outputs) 

Vout =1 -0V 

2.0 


■ 

mA 

•lN(1) 

Logical “1” Input Current 
(Start Conversion) 

V| N = 1.5V 




fxA 


Logical “0” Input Current 
(Start Conversion) 

< 

z 

II 

o 

< 

-1.0 


■ 

jaA 


Supply Current 

Segments and Digits Open 


0.5 

10 

mA 

fosc 

Oscillator Frequency 



0.6/RC 


kHz 

f|N 

Clock Frequency 


100 


640 

kHz 

fc 

Conversion Rate 



f| N /64,512 


conv./sec 

f MUX 

Digit Mux Rate 



f| N / 256 


Hz 

tBLANK 

Inter Digit Blanking Time 





sec 

tscpw 

Start Conversion Pulse Width 


200 



ns 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All typicals given for Ta = 25°C. 

Note 3: Human body model, 100 pF discharged through a 1.5 kfi resistor. 


3-262 





































Electrical Characteristics ADD 3501 

tc=5 conversions/second, 0 °C^Ta^ 70°C, unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Non-Linearity 

V| N = 0-2V Full Scale 

V| N = 0— 200mV Full Scale 

-0.05 

-0.05 

±0.025 

±0.025 

+ 0.05 

+ 0.05 

% of 
full scale 

Quantization Error 


-1 


+ 0 

counts 

Offset Error, Vin = OV 


-0.5 

+ 1.5 

+ 3 

mV 

Rollover Error 


-0 


+ 0 

counts 

Analog Input Current 
(V|N + .V, N -) 

T a = 25°C 

-5 

±0.5 

+ 5 

nA 
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Theory of Operation 

A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at Vref or zero volts, depending on 
the state of the D flip-flop. If Q is at a high level 
v out = v ref and if Q is at a low level Vout = °V. This volt- 
age is then applied to the low pass filter comprised of R1 
and Cl. The output of this filter, Vfb. is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, V|n. The output of the comparator 
is connected to the D input of the D flip-flop. Information is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, Vin. 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500V. If the Q output of the D flip- 
flop is high then Vqut will equal Vref (2.000V) and Vfb will 
charge toward 2V with a time constant equal to R-|C-|. At 
some time Vfb will exceed 0.500V and the comparator out- 
put will switch to 0V. At the next clock rising edge the Q 
output of the D flip-flop will switch to ground, causing Vout 
to switch to 0V. At this time Vfb will start discharging toward 
0V with a time constant R*|Ci. When Vfb is less than 0.5V 
the comparator output will switch high. On the rising edge of 
the next clock the Q output of the D flip-flop will switch high 
and the process will repeat. There exists at the output of 
SW1 a square wave pulse train with positive amplitude Vref 
and negative amplitude 0 V. 

The DC value of this pulse train is: 


Ton 


Vout= VREF fcr— TT ) = V RE F(duty cycle) 

TqN + TqfF 


The lowpass filter will pass the DC value and then: 

Vfb = V R EF(duty cycle) 

Since the closed loop system will always force Vfb to equal 
Vin, we can then say that: 

Vin = Vfb = V RE F(duty cycle) 


or 


— - — =(duty cycle) 

Vref 

The duty cycle is logically ANDed with the input frequency 
fiN. The resultant frequency f equals: 

f = (duty cycle) X (clock) 

Frequency f is accumulated by counter no. 1 for a time de- 
termined by counter no. 2. The count contained in counter 
no. 1 is then: 


(count) = 


f _ (duty cycle) x (clock) 
(clock)/N~~ (clock)/N 

^-XN 


Vref 

For the ADD3501, N = 2000. 


Schematic Diagram 



TL/H/5681 -3 


f=(duty cycle) Xf in 


Count in Counter No. 1 = 


f, N /N 


(duty cycle) xf ln V [N 
f||s|/N Vref 


Figure 1. Analog Loop Schematic 
Pulse Modulation A/D Converter 


3-264 






General Information 

The timing diagram, shown in Figure 2 , gives operation for 
the free running mode. Free running operation is obtained 
by connecting the Start Conversion input to logic “1” (Vcc)- 
In this mode the analog input is continuously converted and 
the display is updated at a rate equal to 64,51 2X1 /f|N. 

The rising edge of the Conversion Complete output indi- 
cates that new information has been transferred from the 
internal counter to the display latch. This information will 
remain in the display latch until the next low-to-high tran- 
sition of the Conversion Complete output. A logic “1” will be 
maintained on the Conversion Complete output for a time 
equal to 64X1/f| N . 

Figure 3 gives the operation using the Start Conversion in- 
put. It is important to note that the Start Conversion input 
and Conversion Complete output do not influence the actual 
analog-to-digital conversion in any way. 


Internally the ADD3501 is always continuously converting 
the analog voltage present at its inputs. The Start Conver- 
sion input is used to control the transfer of information from 
the internal counter to the display latch. 

An RS latch on the Start Conversion input allows a broad 
range of input pulse widths to be used on this signal. As 
shown in Figure 3 , the Conversion Complete output goes to 
a logic “0” on the rising edge of the Start Conversion pulse 
and goes to a logic “1” some time later when the new con- 
version is transferred from the internal counter to the dis- 
play latch. Since the Start Conversion pulse can occur at 
any time during the conversion cycle, the amount of time 
from Start Conversion to Conversion Complete will vary. 
The maximum time is 64,51 2X1 /f|N and the minimum time 
is 256X1 /f|[\j. 


Timing Waveforms 



NEW CONVERSION 

CONVERSION ENDS 

STARTS I 


TL/H/5681-4 


Figure 2. Conversion Cycle Timing Diagram for Free Running Operation 


CONVERSION CYCLE r 
(INTERNAL SIGNAL) | 


U u 


r-i 

START CONVERSION* ■ 


n 


conversion! 

COMPLETE - 


l 
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Figure 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 
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Applications 

SYSTEM DESIGN CONSIDERATIONS 

Perhaps the most important thing to consider when design- 
ing a system using the ADD3501 is power supply noise on 
the Vcc and ground lines. Because a single power supply is 
used and currents in the 300 mA range are being switched, 
good circuit layout techniques cannot be overemphasized. 
Great care has been exercised in the design of the 
ADD3501 to minimize these problems but poor printed cir- 
cuit layout can negate these features. 

Figures 4, 5, and 6 show schematics of DVM systems. An 
attempt has been made to show, on these schematics, the 
proper distribution for ground and Vcc- To help isolate digi- 
tal and analog portions of the circuit, the analog Vcc and 
ground have been separated from the digital Vcc and 
ground. Care must be taken to eliminate high current from 
flowing in the analog Vq q and ground wires. The most effec- 
tive method of accomplishing this is to use a single ground 
point and a single Vcc point where all wires are brought 
together. In addition to this the conductors must be of suffi- 
cient size to prevent significant voltage drops. 

To prevent switching noise from causing jitter problems, a 
voltage regulator with good high frequency response is nec- 
essary. The LM309 and the LM340-5 voltage regulators 
both function well and are shown in Figures 4, 5, and 6. 
Adding more filtering than is shown will in general increase 


the jitter rather than decrease it. The most important char- 
acteristic of transients on the Vcc |ine is the duration of the 
transient and not its amplitude. 

Figure 4 shows a DPM system which converts 0V to 1 .999V 
operating from a non-isolated power supply. In this configu- 
ration the sign output could be + (logic “1”) or - (logic 
“0”) and it should be ignored. Higher voltages could be con- 
verted by placing a fixed divider on the input; lower voltages 
could be converted by placing a fixed divider on the feed- 
back, as shown in Figure 6. 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 60 Hz 
common mode input becomes a problem in this configura- 
tion and a transformer with an electrostatic shield between 
primary and secondary windings is shown. The necessity for 
using a shielded transformer depends on the performance 
requirements and the actual application. 

The filter capacitors connected to Vfb (pin 14) and Vflt 
( pin 11) should be low leakage. In the application examples 
shown every I.OnA of leakage current will cause 0.1 mV er- 
ror (1.0X10 _9 Axl00kft = 0.1mV). If the leakage current in 
both capacitors is exactly the same no error will result since 
the source impedances driving them are matched. 
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NOTES: 

1. ALL RESISTORS % WATT ± 5% UNLESS OTHERWISE 
SPECIFIED. 

2. ALL CAPACITORS ±10%. 

3. LOW LEAKAGE CAPACITOR REQUIRED. 

4 D Rl rp =Ra±25fl 
R! + R 2 


1 


Figure 5. 3y 2 -Digit DPM, ± 1.999 Volts Full Scale 
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ADD3701 3% Digit DVM with Multiplexed 7-Segment 
Output 


General Description 

The ADD3701 (MM74C936-1) monolithic DVM circuit is 
manufactured using standard complementary MOS (CMOS) 
technology. A pulse modulation analog-to-digital conversion 
technique is used and requires no external precision com- 
ponents. In addition, this technique allows the use of a refer- 
ence voltage that is the same polarity as the input voltage. 
One 5V (TTL) power supply is required. Operating with an 
isolated supply allows the conversion of positive as well as 
negative voltages. The sign of the input voltage is automati- 
cally determined and output on the sign pin. If the power 
supply is not isolated, only one polarity of voltage may be 
converted. 

The conversion rate is set by an internal oscillator. The fre- 
quency of the oscillator can be set by an external RC net- 
work or the oscillator can be driven from an external fre- 
quency source. When using the external RC network, a 
square wave output is available. It is important to note that 
great care has been taken to synchronize digit multiplexing 
with the A/D conversion timing to eliminate noise due to 
power supply transients. 

The ADD3701 has been designed to drive 7-segment multi- 
plexed LED displays directly with the aid of external digit 
buffers and segment resistors. Under condition of over- 
range, the overflow output will go high and the display will 
read +OFL or -OFL, depending on whether the input volt- 
age is positive or negative. In addition to this, the most sig- 
nificant digit is blanked when zero. 

A start conversion input and a conversion complete output 
are included. 


Connection Diagram 


Features 

■ Operates from single 5V supply 

■ Converts 0 to ±3999 counts 

■ Multiplexed 7-segment 

■ Drives segments directly 

■ No external precision components necessary 

■ Accuracy specified over temperature 

■ Medium speed — 400 ms/conversion 

■ Internal clock set with RC network or driven externally 

■ Overrange indicated by +OFL or -OFL display read- 
ing and OFLO output 

■ Analog inputs in applications shown can withstand 
±200 Volts 


Applications 

■ Low cost digital power supply readouts 

■ Low cost digital multimeters 

■ Low cost digital panel meters 

■ Eliminate analog multiplexing by using remote A/D con- 
verters 

■ Convert analog transducers (temperature, pressure, dis- 
placement, etc.) to digital transducers 

■ Indicators and displays requiring readout up to 3999 
counts 
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Order Number ADD3701CCN 
See NS Package Number N28B 
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Absolute Maximum Ratings (Note n 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Voltage at Any Pin except 

Start Conversion - 0.3V to Vcc + 0.3' V 

Voltage at Start Conversion - 0.3V to + 1 5.0V 

ESD Susceptibility (Note 5) TBDV 


Operating Temperature Range 0a) 
Package Dissipation at Ta=25°C 
Operating Vcc Range 
Absolute Maximum Vcc 
Lead Temp. (Soldering, 10 seconds) 
Storage Temperature Range 


— 40°C to + 85°C 
800mW 
4.5V to 6.0V 
6.5V 
260°C 
— 65°C to + 1 50°C 


Iq= 0.7 mA 

v OUT(i) Logical “1” Output Voltage Iq = 50 mA @ Tj = 25°C Vcc=5V Vcc - 1.6 Vcc - 1.3 V 

(All Segment Outputs) Ip = 30 mA@Tj = 100°C V C c - 1-6 Vcc - 13 V 

VoUT(i) Logical“1” Output Voltage Ip = 500 juA (Digit Outputs) Vcc - 0.4 V 

(All Digital Outputs Except Ip = 360 julA (Conv. Complete, 

Segment Outputs) + / - , OFLO Outputs) 

•SOURCE Output Source Current Vpuj=1.0V 2.0 mA 

(Digital Outputs) 

llN(i) Logical“1” Input Current V|n=15V 1.0 [i A 

(Start Conversion) 

llN(o) Logical “0” Input Current V|n = 0V —1.0 jaA 

(Start Conversion) 

Ice Supply Current Segments and Digits Open 0.5 10 mA 

fosc Oscillator Frequency 0.6/RC kHz 


Vcc - 1- 6 
Vcc-1-6 

Vcc -0 - 4 


Vcc -1-3 
Vcc - 1.3 


Electrical Characteristics 

4.75V^Vcc^ 5.25V, -40 °C^Ta^ +85°C, unless otherwise specified. 

Parameter Conditions Min Typ 2 Max Units 

V|N(i) Logical“1” Input Voltage Vcc - 1*5 V 

V|N(o> Logical“0” Input Voltage 1.5 V 

V OUT(0) Logical“0” Output Voltage lp= 1 .1 mA 0.4 V 

(All Digital Outputs Except 
Digital Outputs) 

VoUT(0) Logical“0” Output Voltage lp= 0.7 mA 0.4 V 

(Digit Outputs) 


flN Clock Frequency 100 640 kHz 


fc Conversion Rate flN/1 29,024 conv./sec 


fMUX Digit Mux Rate flN/512 Hz 

f BLANK Inter Digit Blanking Time 1/(32fMux) seconds 

tscPW Start Conversion Pulse Width 200 DC ns 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All typicals given for Ta=25°C. 

Note 3: Full scale = 4000 counts; therefore 0.025% of full scale =1 count and 0.05% of full scale = 2 counts. 

Note 4: For 2.000 Volts full scale, 1 mV = 2 counts. 

Note 5: Human body model, 100 pF discharged through a 1.5 kH resistor. 


V OU T=1.0V 2.0 



mA 

V| N = 15V 


1.0 

l xA 

o 

T 

> 

o 

II 

z 

> 



jaA 

Segments and Digits Open 

0.5 

10 

mA 


0.6/RC 


kHz 

100 


640 

kHz 


f| N /1 29,024 


conv./sec 


f| N /512 


Hz 


1/(32f MU x) 


seconds 
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DC 

ns 
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Electrical Characteristics (Continued) 


tc=2.5 conversions/second, 0°C^T A ^ + 70 o C, unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 2 

Max 

Units 

Non-Linearity of Output 
Reading 

V|n = 0-2V Full Scale 

V| N = 0-200 mV Full Scale 


±0.025 

±0.025 

±0.05 

±0.05 

% full scale 
(Note 3) 

Quantization Error 


-i 


+ 0 

counts 

Offset Error, V|n = OV 


-0.5 

+ 1.5 

+ 3 


Rollover Error 


-0 


+ 0 

counts 

Analog Input Current 
<V,n + .V, n -) 

T A = 25°C 

-5 

±1 

+ 5 

i 

nA 


Block Diagram 


ADD3701 3%-Digit DVM 
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Theory of Operation 

A schematic for the analog loop is shown in Figure 1. The 
output of SW1 is either at Vref or zero volts, depending on 
the state of the D flip-flop. If Q is at a high level, 
Vout = Vref and if Q is at a low level Vout = ov - This volt- 
age is then applied to the low pass filter comprised of R1 
and Cl. The output of this filter, Vfb. is connected to the 
negative input of the comparator, where it is compared to 
the analog input voltage, V|n- The output of the comparator 
is connected to the D input of the D flip-flop. Information is 
then transferred from the D input to the Q and Q outputs on 
the positive edge of clock. This loop forms an oscillator 
whose duty cycle is precisely related to the analog input 
voltage, V| N . 

An example will demonstrate this relationship. Assume the 
input voltage is equal to 0.500 V. If the Q output of the D flip- 
flop is high then Vout will equal Vref (2.000 V) and Vfb will 
charge toward 2 V with a time constant equal to R-|C-|. At 
some time Vfb will exceed 0.500 V and the comparator 
output will switch to 0V. At the next clock rising edge the Q 
output of the D flip-flop will switch to ground, causing Vqut 
to switch to 0V. At this time Vfb will start discharging toward 
0V with a time constant R-|Ci. When Vfb is less than 0.5 V 
the comparator output will switch high. On the rising edge of 
the next clock the Q output of the D flip-flop will switch high 
and the process will repeat. There exists at the output of 
SW1 a square wave pulse train with positive amplitude Vref 
and negative amplitude 0V. 

The DC value of this pulse train is: 

Vout = Vref: — -77 V REF (duty cycle) 

tON + tQFF 


The lowpass filter will pass the DC value and then: 

Vfb = Vref (duty cycle) 

Since the closed loop system will always force Vfb to equal 
Vin, we can then say that: 

V|N = Vfb = Vref (duty cycle) 
or 


=(duty cycle) 

Vref 

The duty cycle is logically ANDed with the input frequency 
f lisj. The resultant frequency f equals: 
f=(duty cycle) X (clock) 

Frequency f is accumulated by counter no. 1 for a time de- 
termined by counter no. 2. The count contained in counter 
no. 1 is then: 


(count) = 


f (duty cycle) x (clock) 
(dockj/N - (clock)/N 

-^-XN 


Vref 

For the ADD3701 N = 4000. 


Schematic Diagram 



v in =v fb = Vref x ( dut y cycle) 
f=(duty cycle) xf |jg 


Count in Counter No. 1 = 


f, N /N 


(duty cycle) xf iN 
f, N /N 


VlN 

Vref 


XN 
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FIGURE 1. Analog Loop Schematic Pulse Modulation A/D Converter 
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General Information 

The timing diagram, shown in Figure 2 , gives operation for 
the free running mode. Free running operation is obtained 
by connecting the Start Conversion input to logic “1 ” (Vcc)- 
In this mode the analog input is continuously converted and 
the display is updated at a rate equal to 129,024 x 1 /f|N- 
The rising edge of the Conversion Complete output indi- 
cates that new information has been transferred from the 
internal counter to the display latch. This information will 
remain in the display latch until the next low-to-high tran- 
sition of the Conversion Complete output. A logic “1 ” will be 
maintained on the Conversion Complete output for a time 
equal to 128 X 1 /fiN- 

Figure 3 gives the operation using the Start Conversion in- 
put. It is important to note that the Start Conversion input 
and Conversion Complete output do not influence the actual 
analog-to-digital conversion in any way. 

Timing Waveforms 


Internally the ADD3701 is always continuously converting 
the analog voltage present at its input. The Start Conversion 
input is used to control the transfer of information from the 
internal counter to the display latch. 

An RS latch on the Start Conversion input allows a broad 
range of input pulse widths to be used on this signal. As 
shown in Figure 3, the Conversion Complete output goes to 
a logic “0” on the rising edge of the Start Conversion pulse 
and goes to a logic “1” some time later when the new con- 
version is transferred from the internal counter to the dis- 
play latch. Since the Start Conversion pulse can occur at 
any time during the conversion cycle, the amount of time 
from Start Conversion to Conversion Complete will vary. 
The maximum time is 1 29,024 x 1 /f|N and the minimum time 
is 512X1 /f !N . 


flN 


1UI 


CONVERSION CYCLE • 
(INTERNAL SIGNAL) 


CONVERSION 

COMPLETE 


NEW 

CONVERSION 

STARTS 


-129,024 x 1/f|N- 
-128,000 k1/V|N- 


-128,512 x1/f|N- 


|*-128/f|N 


CONVERSION 

ENDS 


FIGURE 2. Conversion Cycle Timing Diagram for Free Running Operation 
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U 
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J1 
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FIGURE 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 
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Applications 

SYSTEM DESIGN CONSIDERATIONS 

Perhaps the most important thing to consider when design- 
ing a system using the ADD3701 is power supply noise on 
the V C c and ground lines. Because a single power supply is 
used and currents in the 300 mA range are being switched, 
good circuit layout techniques cannot be overemphasized. 
Great care has been exercised in the design of the 
ADD3701 to minimize these problems but poor printed cir- 
cuit layout can negate these features. 

Figures 4, 5, and 6 show schematics of DVM systems. An 
attempt has been made to show, on these schematics, the 
proper distribution for ground and Vcc- To help isolate digi- 
tal and analog portions of the circuit, the analog Vcc and 
ground have been separated from the digital Vcc and 
ground. Care must be taken to eliminate high current from 
flowing in the analog Vcc and ground wires. The most effec- 
tive method of accomplishing this is to use a single ground 
point and a single Vcc point where all wires are brought 
together. In addition to this the conductors must be of suffi- 
cient size to prevent significant voltage drops. 

To prevent switching noise from causing jitter problems, a 
voltage regulator with good high frequency response is nec- 
essary. The LM309 and the LM340-5 voltage regulators all 
function well and are shown in Figures 4, 5, and 6. Adding 
more filtering than is shown will in general increase the jitter 
rather than decrease it. 


The most important characteristics of transients on the Vcc 
line is the duration of the transient and not its amplitude. 
Figure 4 shows a DPM system which converts 0 to + 3.999 
counts operating from a non-isolated power supply. In this 
configuration the sign output could be + (logic “1”) or — 
(logic “0”) and it should be ignored. Higher voltages could 
be converted by placing a fixed divider on the input; lower 
voltages could be converted by placing a fixed divider on 
the feedback, as shown in Figure 5. 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 60 Hz 
common mode input becomes a problem in this configura- 
tion and a transformer with an electrostatic shield between 
primary and secondary windings is shown. The necessity for 
using a shielded transformer depends on the performance 
requirements and the actual application. 

The filter capacitors connected to Vfb (pin 14) and Vflt 
(pin 11) should be low leakage. In the application examples 
shown every 1.0 nA of leakage current will cause 0.1 mV 
error (1.0X10 _9 A x 100 kft = 0.1 mV). If the leakage cur- 
rent in both capacitors is exactly the same no error will re- 
sult since the source impedances driving them are matched. 
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3. LOW LEAKAGE CAPACITOR REQUIRED. 

4 RlR - 2 - = R3 ±25n 
Rl + R2 

Figure 4. 3 3 / 4 -Digital DPM, +3.999 Count Full Scale 
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ALL DIGITS CAN ALSO BE BLANKED AT 
OVERFLOW BY TYING OFL TO B1 ON THE 
CD4543S. 


Figure 7. ADD3701 Driving Liquid Crystal Display 
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* 


DM2502, DM2503, DM2504 Successive Approximation 
Registers 


General Description 

The DM2502, DM2503 and DM2504 are 8-bit and 12-bit 
TTL registers designed for use in successive approximation 
A/D converters. These devices contain all the logic and 
control circuits necessary in combination with a D/A con- 
verter to perform successive approximation analog-to-digital 
conversions. 

The DM2502 has 8 bits with serial capability and is not ex- 
pandable. The DM2503 has 8 bits and is expandable with- 
out serial capability. The DM2504 has 12 bits with serial 
capability and expandability. 

All three devices are available in ceramic DIP, ceramic flat- 
pak, and molded Epoxy-B DIPS. The DM2502, DM2503 and 


DM2504 operate over -55°C to + 125°C; the DM2502C, 
DM2503C and DM2504C operate over 0°C to + 70°C. 

Features 

■ Complete logic for successive approximation A/D con- 
verters 

■ 8-bit and 12-bit registers 

■ Capable of short cycle or expanded operation 

■ Continuous or start-stop operation 

■ Compatible with D/A converters using any logic code 

■ Active low or active high logic outputs 

■ Use as general purpose serial-to-parallel converter or 
ring counter 


Logic Diagram 


DO 




DM2502, DM2503 DM2504 



(DM2503) 


TOP VIEW TOP VIEW 


Order Number DM2502J, DM2502CJ, DM2503J 
or DM2503CJ 
See NS Package J16A 
Order Number DM2502CN or DM2503CN 
See NS Package N16A 

Order Number DM2502W, DM2502CW, DM2503W, 
or DM2503CW 
See NS Package W16A 


Order Number DM2504F or DM2504CJ 
See NS Package F24D 
Order Number DM2504J or DM2504CJ 
See NS Package J24A 
Order Number DM2504CN 
See NS Package N24A 
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Absolute Maximum Ratings (Note u Operating Conditions 

Supply Voltage 7 V Min Max Units 

Input Voltage 5.5V Supply Voltage, V C c 

Output Voltage 5.5V DM2502C, DM2503C, 4.75 5.25 V 

Storage T emperature Range - 65°C to + 1 50°C DM2504C 

Lead Temperature (Soldering, 1 0 seconds) 300°C DM2502, DM2503, 4.5 5.5 V 

DM2504 

Temperature, Ta 

DM2502C, DM2503C, 0 +70 °C 

DM2504C 

DM2502, DM2503 -55 +125 °C 

DM2504 

Electrical Characteristics (Notes 2 and 3) Vcc = 5.0V, Ta = 25°C, Cl= 15 pF, unless otherwise specified. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Logical “1” Input Voltage (Vih) 

Vqc = Min 

2.0 



V 

Logical “1” Input Current (Iih) 

V C c=Max 





CP Input 

V|h = 2.4V 


6 

40 

juA 

D, E, S Inputs 

V ih = 2.4V 


6 

80 

jjlA 

All Inputs 

V|h = 5.5V 



1.0 

mA 

Logical “0” Input Voltage (VnJ 

Vcc = Min 



0.8 

V 

Logical “0” Input Current (l||J 

V C c=Max 




■m 

CP, S Inputs 

V| L =0.4V 


-1.0 

-1.6 


D, E Inputs 

V| L =0.4V 


-1.0 

-3.2 


Logical “1” Output Voltage (Vqh) 

Vqc= Min, Ioh = 0-48 mA 

2.4 

3.6 


V 

Output Short Circuit Current 

Vcc= Max; Vqut = 0-0V; 

-10 

-20 

-45 

mA 

(Note 4) (l 0S ) 

Output High; CP, D, S, High; E Low 





Logical “0” Output Voltage (Vql) 

Vcc= Min, Iol = 9*6 mA 


0.2 

0.4 

V 

Supply Current (Ice) 

Vqc= Max, All Outputs Low 





DM2502C 



65 

95 

mA 

DM2502 



65 

85 

mA 

DM2503C 



60 

90 

mA 

DM2503 



60 

80 

mA 

DM2504C 



90 

124 

mA 

DM2504 



90 

110 

mA 

Propagation Delay to a Logical “0” 


10 

18 

28 

ns 

From CP to Any Output (t pd o) 






Propagation Delay to a Logical “0” 

CP High, S Low 


16 

24 

ns 

From E to Q7 (Q1 1) Output (t pd o) 

DM2503, DM2503C, DM2504, 






DM2504C Only 





Propagation Delay to a Logical “1 ” 


10 

26 

38 

ns 

From CP to Any Output (t pc ji) 






Propagation Delay to a Logical “1 ” 

CP High, S Low 


13 

19 

ns 

From E to Q7 (Q1 1) Output (t pd1 ) 

DM2503, DM2503C, DM2504, 






DM2504C Only 





Set-Up Time Data Input (t S (D)) 


-10 

4 

8 

ns 

Set-Up Time Start Input (t S (s) 


0 

9 

16 

ns 

Minimum Low CP Width (tpwiJ 



30 

42 

ns 

Minimum High CP Width (tpwH) 



17 

24 

ns 

Maximum Clock Frequency (fMAx) 


15 

21 


MHz 

Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 

they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 

operation. 






Note 2: Unless otherwise specified min/max limits apply across the -55°C to + 125°C temperature range for the DM2502, DM2503 and DM2504, and across the 

0°C to + 70°C range for the DM2502C, DM2503C and DM2504C. All typicals are given for Vcc=5.0V and Ta=25°C. 



Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All values shown 

as max or min on absolute value basis. 






Note 4: Only one output at a time should be shorted. 
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Application Information 

OPERATION 

The registers consist of a set of master latches that act as 
the control elements in the device and change state on the 
input clock high-to-low transition and a set of slave latches 
that hold the register data and change on the input clock 
low-to-high transition. Externally the device acts as a special 
purpose serial-to-parallel converter that accepts data at the 
D input of the register and sends the data to the appropriate 
slave latch to appear at the register output and the DO out- 
put on the DM2502 and DM2504 when the clock goes from 
low-to-high. There are no restrictions on the data input; it 
can change state at any time except during a short interval 
centered about the clock low-to-high transition. At the same 
time that data enters the register bit the next less significant 
bit register is set to a low ready for the next iteration. 

The register is reset by holding the S (Start) signal low dur- 
ing the clock low-to-high transition. The register synchro- 
nously resets to the state Q7 (1 1) low, and all the remaining 
register outputs high. The Qcc (Conversion Complete) sig- 
nal is also set high at this time. The S signal should not be 
brought back high until after the clock low-to-high transition 
in order to guarantee correct resetting After the clock has 
gone high resetting the register, the S signal must be re- 
moved. On the next clock low-to-high transition the data on 
the D input is set into the Q7 (11) register bit and the Q6 
(10) register bit is set to a low ready for the next clock cycle. 
On the next clock low-to-high transition data enters the Q6 
(10) register bit and Q5 (9) is set to a low. This operation is 
repeated for each register bit in turn until the register has 
been filled. When the data goes into QO, the Qcc signal 
goes low, and the register is inhibited from further change 
until reset by a Start signal. 

The DM2502, DM2503 and DM2504 have a specially tai- 
lored two-phase clock generator to provide nonoverlapping 
two-phase clock pulses (i.e., the clock waveforms intersect 
below the thresholds of the gates they drive). Thus, even at 


very slow dV/dt rates at the clock input (such as from rela- 
tively weak comparator outputs), improper logic operation 
will not result. 

LOGIC CODES 

All three registers can be operated with various logic codes. 
Two’s complement code is used by offsetting the compara- 
tor y 2 full range + y 2 LSB and using the complement of the 
MSB (Q7 or Q1 1) with a binary D/A converter. Offset binary 
is used in the same manner but with the MSB (Q7 or Q1 1). 
BCD D/A converters can be used with the addition of illegal 
code suppression logic. 

ACTIVE HIGH OR ACTIVE LOW LOGIC 

The register can be used with either D/A converters that 
require a low voltage level to turn on, or D/A converters that 
require a high voltage level to turn the switch on. If D/A 
converters are used which turn on with a low logic level, the 
resulting digital output from the register is active low. That 
is, a logic “1” is represented as a low voltage level. If D/A 
converters are used that turn on with a high logic level then 
the digital output is active high; a logic “1” is represented as 
a high voltage level. 

EXPANDED OPERATION 

An active low enable input, E, on the DM2503 and DM2504 
allows registers to be connected together to form a longer 
register by connecting the clock, D, and S inputs in parallel 
and connecting the Qcc output of one register to the E input 
of the next less significant register. When the start resets 
the register, the E signal goes high, forcing the Q7 (11) bit 
high and inhibiting the register from accepting data until the 
previous register is full and its Qcc goes low. If only one 
register is used the E input should be held at a low logic 
level. 


Timing Diagram 

DM2502, DM2503 
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Application Information (Continued) 

SHORT CYCLE 

If all bits are not required, the register may be truncated and 
conversion time saved by using a register output going low 
rather then the Qcc signal to indicate the end of conversion. 
If the register is truncated and operated in the continuous 
conversion mode, a lock-up condition may occur on power 
turn-on. This condition can be avoided by making the start 
input the OR function of Qcc and the appropriate register 
output. 


COMPARATOR BIAS 

To minimize the digital error below ±y 2 LSB, the compara- 
tor must be biased. If a D/A converter is used which re- 
quires a low voltage level to turn on, the comparator should 
be biased + y 2 LSB. If the D/A converter requires a high 
logic level to turn on, the comparator must be biased - y 2 
LSB. 

Truth Table 


Definition of Terms 

CP: The clock input of the register. 

D: The serial data input of the register. 

DO: The serial data out. (The D input delayed one bit). 

E: The register enable. This input is used to expand the 
length of the register and when high forces the Q7 (11) 
register output high and inhibits conversion. When not used 
for expansion the enable is held at a low logic level 
(ground). 

Qi i = 7 (11) to 0: The outputs of the register. 

Qcc : The conversion complete output. This output remains 
high during a conversion and goes low when a conversion is 
complete. 

Q7 (11): The true output of the MSB of the register. 

Q7 (1 1): The complement output of the MSB of the register. 
S: The start input. If the start input is held low for at least a 
clock period the register will be reset to Q7 (1 1) low and all 
the remaining outputs high. A start pulse that is low for a 
shorter period of timecan be used if it meets the set-up time 
requirements of the S input. 


DM2502, DM2503 


Time 

Inputs 

Outputs 1 


D 

S 

E2 

D03 

Q7 

Q6 

Q5 

Q4 

Q3 

Q2 

QI 

Q0 

Qcc 

0 

X 

L 

L 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

D7 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

2 

D6 

H 

L 

D7 

D7 

L 

H 

H 

H 

H 

H 

H 

H 

3 

D5 

H 

L 

D6 

D7 

D6 

L 

H 

H 

H 

H 

H 

H 

4 

D4 

H 

L 

D5 

D7 

D6 

D5 

L 

H 

H 

H 

H 

H 

5 

D3 

H 

L 

D4 

D7 

D6 

D5 

D4 

L 

H 

H 

H 

H 

6 

D2 

H 

L 

D3 

D7 

D6 

D5 

D4 

D3 

L 

H 

H 

H 

7 

D1 

H 

L 

D2 

D7 

D6 

D5 

D4 

D3 

D2 

L 

H 

H 

8 

DO 

H 

L 

D1 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

L 

H 

9 

X 

H 

L 

DO 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

L 

10 

X 

X 

L 

X 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

L 


X 

X 

H 

X 

H 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


Note 1: Truth table for DM2504 is extended to include 12 outputs. H = High Voltage Level 

Note 2: Truth table for DM2502 does not include E column or last line in truth table shown. L = Low Voltage Level 

Note 3: Truth table for DM2503 does not include DO column. X = Don’t Care 


NC = No Change 

Typical Applications 

BCD Illegal Code Suppression 

Active High Active Low 
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Typical Applications (Continued) 

Fast Precision Analog-to-Digital Converter 


BIPOLAR UNIPOLAR 100k 


■ref 

19.95k 0 5 mA t n 


'OUT = 4 x 'ref * CODE 


I 8k <HSHUNTi 


LiNi 

3 LM3lO 

» RrT 


11 DATA IN 
_ 14 


Switching Time Waveforms 

. AT LEAST | AT LEAST , 

p— WlCPI ' "' tpwH(CP)— H 


INPUT RANGES Equlv . 

Unipolar Bipolar Connect DAC Zout 

OtolO ±5 Input to A 2.36 kft 

0 to 5 ±2.5 Input to A 1.90 kfl 

0 to 20 ±10 Input to B 3.08 kft 

B to DAC OUT 

TL/F/5702-4 



msmmmmmMmSBA 


mmwMw 

■.Wammvaw 


oo 

(DM2502, DM2504) 




ML \ 

Mi 

r t 


tpdO MAX 

i : r 

_ j 



pJOMAX 

ji .... =□ 


WAVEFORMS INPUTS OUTPUTS 

Must be steady Will be steady 


May change from Will be changing 
H to L from H to L 


May change from Will be changing 
L to H from L to H 


Don’t care: any Changing: state 

change permitted unknown 



1.5V ENABLE TO 07 (11) 
CP = H 
5 = L 
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LM131A/LM131, LM231A/LM231, LM331A/LM331 
Precision Voltage-to-Frequency Converters 

General Description 

The LM131/LM231/LM331 family of voltage-to-frequency 
converters are ideally suited for use in simple low-cost cir- 
cuits for analog-to-digital conversion, precision frequency- 
to-voltage conversion, long-term integration, linear frequen- 
cy modulation or demodulation, and many other functions. 

The output when used as a voltage-to-frequency converter 
is a pulse train at a frequency precisely proportional to the 
applied input voltage. Thus, it provides all the inherent ad- 
vantages of the voltage-to-frequency conversion tech- 
niques, and is easy to apply in all standard voltage-to-fre- 
quency converter applications. Further, the LM131A/ 

LM231A/LM331A attains a new high level of accuracy ver- 
sus temperature which could only be attained with expen- 
sive voltage-to-frequency modules. Additionally the LM131 
is ideally suited for use in digital systems at low power sup- 
ply voltages and can provide low-cost analog-to-digital con- 
version in microprocessor-controlled systems. And, the fre- 
quency from a battery powered voltage-to-frequency con- 
verter can be easily channeled through a simple photoisola- 
tor to provide isolation against high common mode levels. 

The LM131/LM231/LM331 utilizes a new temperature- 
compensated band-gap reference circuit, to provide excel- 
lent accuracy over the full operating temperature range, at 
power supplies as low as 4.0V. The precision timer circuit 

Typical Applications 

15V = V S 

I Rt 

6.8k ±1%* 




•Use stable components with low temperature coefficients. See Typical Applications section. 

'*0.1ju,F or 1ju.F, See “Principles of Operation.” 

FIGURE 1. Simple Stand-Alone Voltage-to-Frequency Converter 
with ±0.03% Typical Linearity (f = 10 Hz to 11 kHz) 



has low bias currents without degrading the quick response 
necessary for 100 kHz voltage-to-frequency conversion. 
And the output is capable of driving 3 TTL loads, or a high 
voltage output up to 40V, yet is short-circuit-proof against 

Vcc- 

Features 

■ Guaranteed linearity 0.01% max 

■ Improved performance in existing voltage-to-frequency 
conversion applications 

■ Split or single supply operation 

■ Operates on single 5V supply 

■ Pulse output compatible with all logic forms 

■ Excellent temperature stability, ± 50 ppm/°C max 
n Low power dissipation, 1 5 mW typical at 5V 

a Wide dynamic range, 100 dB min at 10 kHz full scale 
frequency 

B Wide range of full scale frequency, 1 Hz to 100 kHz 
B Low cost 
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LM 1 31 A/LM 1 31 /LM23 1 A/LM23 1 /LM33 1 A/LM331 


Absolute Maximum Ratings (Notei) 

If Military /Aerospace specified devices are required, contact the National Semiconductor Sales Office/Distributors for 
availability and specifications. 

LM131A/LM131 LM231A/LM231 LM331A/LM331 

Supply Voltage 40V 40V 40V 

Output Short Circuit to Ground Continuous Continuous Continuous 

Output Short Circuit to Vcc Continuous Continuous Continuous 

Input Voltage -0.2Vto+V s -0.2Vto+V s -0.2Vto+V s 

TmIN T MA x Tmin TmaX Tmin Tmax 

Operating Ambient T emperature Range - 55°C to + 1 25°C - 25°C to + 85°C 0°C to + 70°C 

Power Dissipation (Pp at 25°C) 
and Thermal Resistance (0j A ) 

(H Package) P D 670 mW 570 mW 570 mW 

0 jA 150°C/W 150°C/W 1 50°C/W 

(N Package) P D 500 mW 500 mW 

0 jA 155°C/W 1 55°C/W 

Lead Temperature (Soldering, 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 260°C 260°C 

Metal Can Package (TO-5) 260°C 260°C 260°C 

ESD Susceptibility (Note 4) TBD V TBD V TBD V 

Electrical Characteristics T A =25°C unless otherwise specified (Note 2) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

VFC Non-Linearity (Note 3) 

4.5V £ v s <; 20 V 


±0.003 

±0.01 

% Full- 






Scale 


Tmin ^ t a ^ t M ax 


±0.006 

±0.02 

% Full- 






Scale 

VFC Non-Linearity 

V s = 15V, f = 10Hz toll kHz 




%Full- 

In Circuit of Figure 1 





Scale 

Conversion Accuracy Scale Factor 

V| N = -10V, R s = 14 ka 





(Gain) 






LM131, LM131A, LM231, LM231A 


0.95 

1.00 

1.05 

kHz/V 

LM331, LM331A 


0.90 

1.00 

1.10 

kHz/V 

Temperature Stability of Gain 

Tmin ^ t a ^ t M ax. 4.5V ^ v s ^ 20V 





LM131/LM231/LM331 



±30 

±150 

ppm/°C 

LM1 31 A/LM231 A/LM331 A 



±20 

±50 

ppm/°C 

Change of Gain with Vs 



0.01 

0.1 

%/V 




0.006 

0.06 

%/V 

Rated Full-Scale Frequency 

V|n = -10V 




kHz 

Gain Stability vs Time 

Tmin ^ t a ^ Tmax 


±0.02 


% Full- 

(1000 Hrs) 





Scale 

Overrange (Beyond Full-Scale) 

V| N = -11V 

10 



% 

Frequency 






INPUT COMPARATOR 

Offset Voltage 





mV 

LM131/LM231/LM331 

Tmin ^ t a ^ t M ax 




mV 

LM131A/LM231A/LM331A 

Tmin ^ t a ^ t M ax 




mV 

Bias Current 



-80 

-300 

nA 

Offset Current 



±8 

±100 

nA 

Common-Mode Range 

Tmin ^ T a ^ T M ax 




V 

TIMER 1 

Timer Threshold Voltage, Pin 5 


0.63 

0.667 

0.70 

X Vs 

Input Bias Current, Pin 5 

V s = 15V 





All Devices 

0V^Vp| N 5 ^ 9.9V 


±10 

±100 

nA 

LM131/LM231/LM331 

V P |N5= 10V 


200 

1000 

nA 

LM1 31 A/LM231 A/LM331 A 

VpiN5 = 10V 


200 

500 

nA 

VsATPiNs(Reset) 

1 = 5 mA 


0.22 

0.5 

V 

1 
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Electrical Characteristics Ta = 25°C unless otherwise specified (Note 2) (Continued) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CURRENT SOURCE (Pin 1) 

Output Current 

Rs= 14 kfl, VpiN i = o 





LM131, LM131 A, LM231, LM231A 


126 

135 

144 

juA 

LM331 , LM331 A 


116 

136 

156 

fiA 

Change with Voltage 

0V<i VpiN -j <. 1 ov 


0.2 

1.0 

jtiA 

Current Source OFF Leakage 






LM131, LM131A 



0.01 

1.0 

nA 

LM231, LM231A, LM331, LM331A 



0.02 

10.0 

nA 

All Devices 

Ta=Tmax 


2.0 

50.0 

nA 

Operating Range of Current (Typical) 



(10 to 500) 


jllA 

REFERENCE VOLTAGE (Pin 2) 

LM131, LM131A, LM231, LM231A 


1.76 

1.89 

2.02 

Vdc 

LM331, LM331A 


1.70 

1.89 

2.08 

VdC 

Stability vs Temperature 



+ 60 


ppm/°C 

Stability vs Time, 1000 Hours 



+ 0.1 


% 

LOGIC OUTPUT (Pin 3) 

VSAT 

1 = 5 mA 


0.15 

0.50 

V 


1 = 3.2 mA (2 TTL Loads), Tmin^Ta^Tmax 


0.10 

0.40 

V 

OFF Leakage 



±0.05 

1.0 

/xA 

SUPPLY CURRENT 

LM131, LM131 A, LM231, 

V S = 5V 

2.0 

3.0 

4.0 

mA 

LM231A 

V s = 40 V 

2.5 

4.0 

6.0 

mA 

LM331, LM331A 

V S = 5V 

1.5 

3.0 

6.0 

mA 


V s = 40 V 

2.0 

4.0 

8.0 

mA 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All specifications apply in the circuit of Figure 3, with 4.0V^Vs^40V, unless otherwise noted. 

Note 3: Nonlinearity is defined as the deviation of fouT from V|n x (10 kHz/ -10 Vdc) when the circuit has been trimmed for zero error at 10 Hz and at 10 kHz, 
over the frequency range 1 Hz to 11 kHz. For the timing capacitor, Cj, use NPO ceramic, Teflon®, or polystyrene. 

Note 4: Human body model, 100 pF discharged through a 1.5 kil resistor. 

Functional Block Diagram 



FIGURE la 


3-287 


LM131A/LM131/LM231A/LM231/LM331A/LM331 




LM131A/LM131/LM231A/LM231/LM331A/LM331 


Typical Performance Characteristics 

(All electrical characteristics apply for the circuit of Figure 3, unless otherwise noted.) 


Nonlinearity Error, LM131 
Family, as Precision V-to-F 
Converter (Figure 3) 



FREQUENCY. kHz 


Frequency vs Temperature, 
LM131A 



100 kHz Nonlinearity Error, 
LM131 Family (Figure 4) 



Power Drain vs Vsupply 



5 10 15 20 25 30 35 40 

vsupply. v 


Nonlinearity Error, LM131 
Family 



Vref vs Temperature, 
LM131A 



TEMPERATURE, °C 


Nonlinearity Error, LM131 
(Figure 1) 



Output Saturation Voltage vs 
•out (Pin 3) 



10 20 30 40 50 

IQUT. n>A 


Nonlinearity vs Power Supply 
Voltage 



POWER SUPPLY VOLTAGE, Vs 

Output Frequency vs 
Vsupply 



5 10 15 20 25 30 35 40 

vsupply. v 



-75 -25 +25 +75 +125 +150 


TEMPERATURE, °C 

Nonlinearity Error, Precision 
F-to-V Converter (Figure 6) 



0 2 4 6 8 10 12 


FREQUENCY, kHz 


TL/H/5680-3 
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Typical Applications (Continued) 

PRINCIPLES OF OPERATION OF A SIMPLIFIED 
VOLTAGE-TO-FREQUENCY CONVERTER 

The LM131 is a monolithic circuit designed for accuracy and 
versatile operation when applied as a voltage-to-frequency 
(V-to-F) converter or as a frequency-to-voltage (F-to-V) con- 
verter. A simplified block diagram of the LM131 is shown in 
Figure 2 and consists of a switched current source, input 
comparator, and 1 -shot timer. 

The operation of these blocks is best understood by going 
through the operating cycle of the basic V-to-F converter, 
Figure 2, which consists of the simplified block diagram of 
the LM131 and the various resistors and capacitors con- 
nected to it. 

The voltage comparator compares a positive input voltage, 
VI, at pin 7 to the voltage, V x , at pin 6. If VI is greater, the 
comparator will trigger the 1-shot timer. The output of the 
timer will turn ON both the frequency output transistor and 
the switched current source for a period t = 1 .1 RA. During 
this period, the current i will flow out of the switched current 
source and provide a fixed amount of charge, Q=i X t, into 
the capacitor, Cl- This will normally charge V x up to a higher 
level than VI. At the end of the timing period, the current i 
will turn OFF, and the timer will reset itself. 

Now there is no current flowing from pin 1 , and the capaci- 
tor Cl will be gradually discharged by Rl until V x falls to the 
level of VI. Then the comparator will trigger the timer and 
start another cycle. 

The current flowing into Cl is exactly Iave = i x (1 .1 X R t Ct) 
X f, and the current flowing out of Cl is exactly V x /Rl = 
V, N /R L . If V|n is doubled, the frequency will double to main- 
tain this balance. Even a simple V-to-F converter can pro- 
vide a frequency precisely proportional to its input voltage 
over a wide range of frequencies. 



FIGURE 2. Simplified Block Diagram of Stand-Alone 
Voltage-to-Frequency Converter Showing LM131 and 
External Components 


DETAIL OF OPERATION, FUNCTIONAL BLOCK 
DIAGRAM {FIGURE la) 

The block diagram shows a band gap reference which pro- 
vides a stable 1.9 Vqq output. This 1.9 Vqq is well regulated 
over a Vs range of 3.9V to 40V. It also has a flat, low tem- 
perature coefficient, and typically changes less than y 2 % 
over a 1 00°C temperature change. 

The current pump circuit forces the voltage at pin 2 to be at 
1.9V, and causes a current i = 1.90V/Rs to flow. For 
R s =14k, i == 1 35 jllA. The precision current reflector pro- 
vides a current equal to i to the current switch. The current 
switch switches the current to pin 1 or to ground depending 
on the state of the Rs flip-flop. 

The timing function consists of an Rs flip-flop, and a timer 
comparator connected to the external R t C t network. When 
the input comparator detects a voltage at pin 7 higher than 
pin 6, it sets the Rs flip-flop which turns ON the current 
switch and the output driver transistor. When the voltage at 
pin 5 rises to 2 / 3 Vcc. the timer comparator causes the Rs 
flip-flop to reset. The reset transistor is then turned ON and 
the current switch is turned OFF. 

However, if the input comparator still detects pin 7 higher 
than pin 6 when pin 5 crosses 2 / 3 Vqc, the flip-flop will not 
be reset, and the current at pin 1 will continue to flow, in its 
attempt to make the voltage at pin 6 higher than pin 7. This 
condition will usually apply under start-up conditions or in 
the case of an overload voltage at signal input. It should be 
noted that during this sort of overload, the output frequency 
will be 0; as soon as the signal is restored to the working 
range, the output frequency will be resumed. 

The output driver transistor acts to saturate pin 3 with an 
ON resistance of about 50ft. In case of overvoltage, the 
output current is actively limited to less than 50 mA. 

The voltage at pin 2 is regulated at 1 .90 Vdc for all values of 
i between 10 jllA to 500 pA It can be used as a voltage 
reference for other components, but care must be taken to 
ensure that current is not taken from it which could reduce 
the accuracy of the converter. 

PRINCIPLES OF OPERATION OF BASIC VOLTAGE- 
TO-FREQUENCY CONVERTER {FIGURE 1) 

The simple stand-alone V-to-F converter shown in Figure 1 
includes all the basic circuitry of Figure 2 plus a few compo- 
nents for improved performance. 

A resistor, R|n = 100 kft±10%, has been added in the path 
to pin 7, so that the bias current at pin 7 (-80 nA typical) 
will cancel the effect of the bias current at pin 6 and help 
provide minimum frequency offset. 

The resistance Rs at pin 2 is made up of a 12 kft fixed 
resistor plus a 5 kft (cermet, preferably) gain adjust rheo- 
stat. The function of this adjustment is to trim out the gain 
tolerance of the LM131, and the tolerance of Rt, Rl and C t . 
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Typical Applications (Continued) 

For best results, all the components should be stable low- 
temperature-coefficient components, such as metal-film re- 
sistors. The capacitor should have low dielectric absorption; 
depending on the temperature characteristics desired, NPO 
ceramic, polystyrene, Teflon or polypropylene are best 
suited. 

A capacitor C|n is added from pin 7 to ground to act as a 
filter for Vin. A value of 0.01 jllF to 0.1 /xF will be adequate in 
most cases; however, in cases where better filtering is re- 
quired, a 1 jllF capacitor can be used. When the RC time 
constants are matched at pin 6 and pin 7, a voltage step at 
Vin will cause a step change in fouT- If C IN is much less 
than Cl, a step at Vin may cause fouT to stop momentarily. 
A 47 n resistor, in series with the 1 juF Cl, is added to give 
hysteresis effect which helps the input comparator provide 
the excellent linearity (0.03% typical). 

DETAIL OF OPERATION OF PRECISION V-TO-F 
CONVERTER {FIGURE 3) 

In this circuit, integration is performed by using a conven- 
tional operational amplifier and feedback capacitor, Cp. 
When the integrator’s output crosses the nominal threshold 
level at pin 6 of the LM131, the timing cycle is initiated. 


The average current fed into the op amp’s summing point 
(pin 2) is i x (1.1 R t Ct) x f which is perfectly balanced with 
-V|n/R|n- In this circuit, the voltage offset of the LM131 
input comparator does not affect the offset or accuracy of 
the V-to-F converter as it does in the stand-alone V-to-F 
converter; nor does the LM131 bias current or offset, cur- 
rent. Instead, the offset voltage and offset current of the 
operational amplifier are the only limits on how small the 
signal can be accurately converted. Since op amps with 
voltage offset well below 1 mV and offset currents well be- 
low 2 nA are available at low cost, this circuit is recommend- 
ed for best accuracy for small signals. This circuit also re- 
sponds immediately to any change of input signal (which a 
stand-alone circuit does not) so that the output frequency 
will be an accurate representation of Vin, as quickly as 2 
output pulses’ spacing can be measured. 

In the precision mode, excellent linearity is obtained be- 
cause the current source (pin 1) is always at ground poten- 
tial and that voltage does not vary with Vin or fouT- On the 
stand-alone V-to-F converter, a major cause of non-linearity 
is the output impedance at pin 1 which causes i to change 
as a function of Vin). 

The circuit of Figure 4 operates in the same way as Figure 3 % 
but with the necessary changes for high speed operation. 



TL/H/5680-5 

*Use stable components with low temperature coefficients. See Typical Applications section. 

"This resistor can be 5 ka or 10 ka for Vs=8V to 22 V, but must be 10 ka for Vs=4.5V to 8V. 

***Use low offset voltage and low offset current op amps for A1: recommended types LM108, LM308A, LF411A 

FIGURE 3. Standard Test Circuit and Applications Circuit, Precision Voltage-to-Frequency Converter 


3-290 




Typical Applications (Continued) 


DETAILS OF OPERATION, FREQUENCY-TO- 
VOLTAGE CONVERTERS (FIGURES 5 AND 6) 

In these applications, a pulse input at f|N is differentiated by 
a C-R network and the negative-going edge at pin 6 causes 
the input comparator to trigger the timer circuit. Just as with 
a V-to-F converter, the average current flowing out of pin 1 
is Average = i x 0-1 Rt c t) x f- 
In the simple circuit of FIGURE 5, this current is filtered in 
the network R|_ = 100 kn and 1 p,F. The ripple will be less 
than 10 mV peak, but the response will be slow, with a 


0.1 second time constant, and settling of 0.7 second to 
0.1% accuracy. 

In the precision circuit, an operational amplifier provides a 
buffered output and also acts as a 2-pole filter. The ripple 
will be less than 5 mV peak for all frequencies above 1 kHz, 
and the response time will be much quicker than in Figure 5. 
However, for input frequencies below 200 Hz, this circuit will 
have worse ripple than Figure 5. The engineering of the filter 
time-constants to get adequate response and small enough 
ripple simply requires a study of the compromises to be 
made. Inherently, V-to-F converter response can be fast, 
but F-to-V response can not. 



10k ±10% 

CP 

v* - 

L II 1 

r o.ooi tiF 



r in 

V| N look ±i%* ■=■ 
-10V o— A/W 
FULL SCALE 


*Use stable components with low temperature coefficients. 

See Typical Applications section. 

This resistor can be 5 kft or 10 kfl for Vs=8V to 22V, 
but must be 10 ka for V S =4.5V to 8V. 

Use low offset voltage and low offset current op amps for A1: 
recommended types LF411A or LF356. 


OPTIONAL 
OFFSET ADJUST 
20k TO 1M 


TL/H/5680-6 

FIGURE 4. Precision Voltage-to-Frequency Converter, 
100 kHz Full-Scale, ±0.03% Non-Linearity 


+Vs= +15V 



*Use stable components with low temperature coefficients. 


FIGURE 5. Simple Frequency-to-Voltage Converter, 
10 kHz Full-Scale, ±0.06% Non-Linearity 


+Vs=+4.5VT0 +20 V 



SELECT Rx = 


(V S ~ 2V) 
0.2 mA 


•Use stable components with low temperature coefficients. 


FIGURE 6. Precision Frequency-to-Voltage Converter, 
10 kHz Full-Scale with 2-Pole Filter, ±0.01% 
Non-Linearity Maximum 
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Typical Applications (Continued) 

Light Intensity to Frequency Converter 


+5VTO+15V 



TL/H/5680-9 

*L14F-1, L14G-1 or L14H-1, photo transistor (General Electric Co.) or similar 


Temperature to Frequency Converter 


Vs 



TL/H/5680-10 


Long-Term Digital Integrator Using VFC 


Basic Analog-to-Digital Converter Using 
Voltage-to-Frequency Converter 


♦Vs 



TL/H/5680-11 


♦V S 



OUTPUT 

TO 

COMPUTER 


TL/H/5680-12 
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Typical Applications (Continued) 


Analog-to-Digital Converter with Microprocessor 


+V S 



TL/H/5680-13 

Remote Voltage-to-Frequency Converter with 2- Wire Transmitter and Receiver 



Voltage-to-Frequency Converter with Square-Wave Output Using ^-2 Flip-Flop 


TL/H/5680-14 


+Vs = +4.0VocTO+15Vqc 



Voltage-to-Frequency Converter with Isolators 


TL/H/5680-15 
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LM131A/LM131/LM231A/LM231/LM331A/LM331 


Typical Applications (Continued) 


Voltage-to-Frequency Converter with Isolators 



HIGH VOLTAGE 
PULSE 

TRANSFORMER 



COMPARATOR 

WITH 

HYSTERESIS 


Voltage-to-Frequency Converter with Isolators 



TELEMETRY 
USING 
RF LINK 



Voltage-to-Frequency Converter with Isolators 



TO COMPUTER 
, OR 

'OUT TO COUNTER 
►" » OR 

TO FTO-V 
CONVERTER 
USING LM131 


Connection Diagrams 


Metal Can Package 


CURRENT _ 
OUTPUT (Tj 

REFERENCE ^ 2 ) 
CURRENT Vi/ 


FREQUENCY UJ 
OUTPUT 


v COMPARATOR 
J INPUT 

THRESHOLD 


Dual-In-Line Package 


CURRENT 1 I 
OUTPUT I 


REFERENCE 2} 
CURRENT 1 


FREQUENCY 3 
OUTPUT 


L COMPARATOR 

I INPUT 


Note: Metal case is connected to pin 4 (GND.) 

Order Number LM131AH, LM131H, LM231AH, 
LM231H, LM331AH or LM331H 
See NS Package Number H08C 


Order Number LM231AN, LM231N, LM331AN, 
or LM331N 

See NS Package Number N08E 
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MM54C905/MM74C905 



National 

Semiconductor 

Corporation 


MM54C905/MM74C905 12-Bit Successive Approximation 


Register 

General Description 

The MM54C905/MM74C905 CMOS 12-bit successive ap- 
proximation register contains all the digit control and stor- 
age necessary for successive approximation analog-to-digi- 
tal conversion. Because of the unique capability of CMOS to 
switch to each supply rail without any offset voltage, it can 
also be used in digital systems as the control and storage 
element in repetitive routines. 


Features 

■ Wide supply voltage range 3.0V tol 5V 

■ Guaranteed noise margin 1.0V 

■ High noise immunity 0.45 Vqc typ 

■ Low power TTL fan out of 2 

compatibility driving 74L 


■ Provision for register extension or truncation 

■ Operates in START/STOP or continuous conversion 
mode 

■ Drive ladder switches directly. For 10 bits or less 
with 50k/100k R/2R ladder network 


Connection Diagram 


Dual-ln-Line Package 



Order Number MM74C905N 
See NS Package Number N24C 


Truth Table 


TIME 

INPUTS 

OUTPUTS 


D 

S 

E 

DO 

Q11 

Q10 

Q9 

Q8 

Q7 

Q6 

Q5 

Q4 

Q3 

Q2 

01 

Q0 

C 

0 

X 

L 

L 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

Dll 

H 

L 

X 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

2 

DIO 

H 

L 

Dll 

Dll 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

3 

D9 

H 

L 

DIO 

Dll 

DIO 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

4 

D8 

H 

L 

D9 

Dll 

DIO 

D9 

L 

H 

H 

H 

H 

H 

H 

H 

H 

H 

5 

D7 

H 

L 

D8 

Dll 

DIO 

D9 

D8 

L 

H 

H 

H 

H 

H 

H 

H 

H 

6 

D6 

H 

L 

D7 

Dll 

DIO 

D9 

D8 

D7 

L 

H 

H 

H 

H 

H 

H 

H 

7 

D5 

H 

L 

D6 

Dll 

DIO 

D9 

D8 

D7 

D6 

L 

H 

H 

H 

H 

H 

H 

8 

D4 

H 

L 

D5 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

L 

H 

H 

H 

H 

H 

9 

D3 

H 

L 

D4 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

L 

H 

H 

H 

H 

10 | 

D2 

H 

L 

D3 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

L 

H 

H 

H 

11 

D1 

H 

L 

D2 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

L 

H 

H 

12 

DO 

H 

L 

D1 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

L 

H 

13 

X 

H 

L 

DO 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

L 

14 

X 

X 

L 

X 

Dll 

DIO 

D9 

D8 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

L 


X 

X 

H 

X 

H 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 

NC 


H = High level 
L = Low level 
X = Don’t care 
NC = No change 
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Absolute Maximum Ratings (Note i> 

If Military/ Aerospace specified devices are required, ESD Susceptibility (Note 4) 400V 

contact the National Semiconductor Sales Office/ Package Dissipation 500 mW 

Distributors for availability and specifications. Qperating ^ Range 3 . 0V t0 15V 

Voltage at Any Pin -0.3toV cc +0.3V Abso lute Maximum V cc 16V 

Operating Temperature Range Lead Te t(jre (So|deri 10 seconds) 26(rc 

MM74C905 -40°Cto+85°C 

Storage T emperature Range — 65°C to + 1 50°C 

DC Electrical Characteristics Min/max limits apply across temperature range, unless otherwise noted. 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

CMOS TO CMOS 

Logical “1” Input Voltage (V|N(i)) 

V CC =5.0V 

3.5 



V 


v CG =iov 

8.0 



V 

Logical “0”lnput Voltage (V|N(q)) 




1.5 

V 





2.0 

V 

Logical “1” Output Voltage (Vquto)) 

V C c=5.0V, l 0 = — 10/xA 

4.5 



V 


V C c=10V, l 0 = — IOjliA 

9.0 



V 

Logical “0” Output Voltage (Vout(0)) 

V C c = 5.0V, l 0 = IOjliA 



0.5 

V 


V CC =10V, l o = 10/xA 



1.0 

V 

Logical “1 ” Input Current (l|N(i)) 

V C C=15V, V| N = 15V 


0.005 

1.0 

jaA 

Logical “0” Input Current (l|N(0)) 

V CC =15V, V| N = 0V 

-1.0 

-0.005 


jxA 

Supply Current (Ice) 

V CC =15V 


0.05 

300 

juA 

CMOS/LPTTL INTERFACE 

Logical “1” Input Voltage (V|N(i)) 






MM54C905 

V CC = 4.5V 

Vcc-1.5 



V 

MM74C905 

V CC = 4.75 V 

Vcc-1-5 



V 

Logical “0” Input Voltage (V|N(o)) 






MM54C905 

V C c=4.5V 



0.8 

V 

MM74C905 

V CC = 4.75 V 



0.8 

V 

Logical “1” Output Voltage (VouT(i)) 






MM54C905 

Vcc = 4.5V, Iq= — 360jllA 

2.4 



V 

MM74C905 

V C c = 4.75V j l 0 = — 360/i,A 

2.4 



V 

Logical “0” Output Voltage (Vqut(O)) 






MM54C905 

Vcc=4.5V, Iq = 360jllA 



0.4 

V 

MM74C905 

V C C = 4.75V, I o = 360jllA 




0.4 

V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Source Current (Isource) 

V CC =5.0V ) Vout=0V 

-1.75 

-3.3 


mA 

(P-Channel) 

T a = 25°C 





Output Source Current (Isource) 

v C c=iov, V OU T=0V 

-8.0 

-15 



(P-Channel) 

T A =25°C 





Output Sink Current (Isink) 

V CC =5.0V, V 0U T = Vcc 

1.75 

3.6 


mA 

(N-Channel) 

T A = 25°C 





Output Sink Current (Isink) 

V CC =10V, Vout=V G c 

8.0 

16 


mA 

(N-Channel) 

T a = 25°C 





Q1 1 -Q0 Outputs 

V CG =10V ±5% 





r source 

VOUT = V C C-0.3V 

150 


350 

a 


T a = 25°C 





Rsink 

V CC =10V ±5% 






V O UT = 0.3V 

80 


230 

a 


T a =25°C 
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AC Electrical Characteristics Ta= 25°C,C[_= 50pF, unless otherwise specified. 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Propagation Delay Time From Clock 

V CC = 5.0V 


200 

350 

ns 

Input To Outputs (Q0-Q1 1)(t pc |(Q)) 

< 

o 

o 

II 

o 

< 


80 

150 

ns 

Propagation Delay Time From Clock 

V CC =5.0V 


180 

325 

ns 

Input To Do(tpd(Do)) 

v cc =iov 


70 

125 

ns 

Propagation Delay Time From Register 

V C C=5.0V 


190 

350 

ns 

Enable (E) To Output (Q1 1) (t pc j(E)) 

v cc =iov 


75 

150 

ns 

Propagation Delay Time From Clock 

V C C=5.0V 


190 

350 

ns 

To CC (t pd( cc)) 

< 

o 

o 

II 

o 

< 


75 

0.50 

ns 

Data Input Set-UpTime (tos) 

V CC = 5.0V 

■■ 



ns 


v cc =iov 

■ 



ns 

Start Input Set-Up Time (tss) 

V CC = 5.0V 




ns 


v cc =iov 




ns 

Minimum Clock Pulse Width (tpwL.tpwH) 

V CC = 5.0V 

250 

125 


ns 


v cc =iov 

100 

40 


ns 

Maximum Clock Rise and Fall Time (t r , tf) 

V C c = 5.0V 



15 

fJL s 


v cc =iov 



5 

fJLS 

Maximum Clock Frequency (fMAx) 

V CC = 5.0V 

2 

4 


MHz 


v cc =iov 

5 

10 


MHz 

Clock Input Capacitance (Cclk) 

Clock Input (Note 2) 


10 


PF 

Input Capacitance (Qn) 

Any Other Input (Note 2) 


5 


PF 

Power Dissipation Capacitance (Cpp) 

(Note 3) 


100 


PF 


Note 1: “Absolute Maximum Ratings” are those values beyond which the safety of the device cannot be guaranteed. Except for “Operating Temperature Range” 
they are not meant to imply that the devices should be operated at these limits. The table of “Electrical Characteristics” provides conditions for actual device 
operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics application note, 
AN-90. 

Note 4: Human body model, 1 00 pF discharged through a 1 .5 kn resistor. 


Typical Performance Characteristics 



-55 -35 -15 5 25 45 65 85 105 125 
T a - AMBIENT TEMPERATURE CC) 
•These points are guaranteed by automatic testing 


Rsource vs Temperature 



-55 -35 -15 5 25 45 65 85 105 125 

T a - AMBIENT TEMPERATURE ( C> 

•These points are guaranteed by automatic testing. 


TL/F/5712-2 
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Typical Performance Characteristics 

USER NOTES FOR A/D CONVERSION 

The register can be used with either current switches that 
require a low voltage level to turn the switch ON or current 
switches that require a high voltage level to turn the switch 
ON. If current switches are used which turn ON with a low 
logic level, the resulting digit output from the register is ac- 
tive low. That is, a logic “1” is represented as a low voltage 
level. If current switches are used which turn ON with a high 
logic level, the resulting digit output is active high. A logic 
“1” is represented as a high voltage level. 

For a maximum error of ±1/2 LSB, the comparator must be 
biased. If current switches that require a high voltage level 
to turn ON are used, the comparator should be biased 
+ 1 /2 LSB and if the current switches require a low logic 
level to turn ON, then the comparator must be biased -1/2 
LSB. 

The register can be used to perform 2’s complement con- 
version by offsetting the comparator one half full range 
+ 1/2 LSB and using the complement of the MSB Q11 as 
the sign bit. 

Typical Applications 


If the register is truncated and operated in the continuous 
conversion mode, a lock-up condition may occur on power- 
ON. This situation can be overcome by making the START 
input the “OR” function of CC and the appropriate register 
output. 

The register, by suitable selection of register ladder net- 
work, can be used to perform either binary or BCD conver- 
sion. 

The register outputs can drive the 1 0 bits or less with 50k/ 
100k R/2R ladder network directly for Vcc = 10V or higher. 
In order to drive the 12-bit 50k/ 100k ladder network and 
have the ± 1 12 LSB resolution, the MM54C902/MM74C902 
or MM54C904/MM74C904 is used as a buffer, three buffers 
for MSB (Q1 1), two buffers for Q10, and one buffer for Q9. 


12-Bit Successive Approximation A-to-D Converter, Operating in Continu- 
ous Mode, Drives the 50k/100k Ladder Network Directly 


12-Bit Successive Approximation A- 
to-D Converter Operating in Contin- 
uous 8-Bit Truncated Mode 




Definition of Terms 

CP: Register dock input. 

CC: Conversion complete — this output remains at Vqut(1) 
during a conversion and goes to Vqut(O) when conversion 
is complete. 

D: Serial data input— connected to comparator output in A- 
to-D applications. 

E: Register enable — this input is used to expand the length 
of the register. When E is at V|N(i) Q1 1 is forced to VouT(ij 
and inhibits conversion. When not used for expansion E 
must be connected to V|N(0) (GND). 

Q11: True register MSB output. 


Q11: Complement of register MSB output. 

Qi (i = 0 to 11): Register outputs. 

S: Start input— holding start input at V|N(o) lor at least one 
clock period will initiate a conversion by setting MSB (Q1 1) at 
VouT(0) a nd a" other output (Q-10-Q0) at VquT(I)- If set-up 
time requirements are met, a conversion may be initiated by 
holding start input at V|N(o) lor less than one clock period. 
DO: Serial data output— D input delayed by one clock period. 
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Definition of Terms 
D/A Converters 


Conversion Time: The time required for a complete mea- 
surement by an analog-to-digital converter. 

DC Common-Mode Error: This specification applies to 
ADCs with differential inputs. It is the change in the output 
code that occurs when the analog voltages on the two in- 
puts are changed by an equal amount. It is expressed in 
LSBs. 

Differential Nonlinearity: Ideally, any two adjacent digital 
codes correspond to measured analog voltages that are ex- 
actly one LSB apart. Differential non-linearity is a measure 
of the worst case deviation from the ideal 1 LSB step. For 
example, a DAC with a 1 .5 LSB output change for a 1 LSB 
digital code change exhibits y 2 LSB differential non-linearity. 
Differential non-linearity may be expressed in fractional bits 
or as a percentage of full scale. A differential non-linearity 
greater than 1 LSB will lead to a non-monotonic transfer 
function in a DAC and missing codes in an ADC. 

Gain Error (Full Scale Error): For an ADC, the difference 
(usually expressed in LSBs) between the input voltage that 
should ideally produce a full scale output code and the actu- 
al input voltage that produces that code. For DACs, it is the 
difference between the output voltage (or current) with full 
scale input code and the ideal voltage (or current) that 
should exist with a full scale input code. 

Gain Temperature Coefficient (Fuli Scale Temperature 
Coefficient): Change in gain error divided by change in 
temperature. Usually expressed in parts per million per de- 
gree Celsius (ppm/°C). 

Integral Nonlinearity (Linearity Error): Worst case devia- 
tion from the line between the endpoints (zero and full 
scale). Can be expressed as a percentage of full scale or in 
fractions of an LSB. 

LSB (Least-Significant Bit): In a binary coded system this 
is the bit that carries the smallest value or weight. Its value 
is the full scale voltage (or current) divided by 2 n , where n is 
the resolution of the converter. 

Monotonicity: A monotonic function has a slope whose 
sign does not change. A monotonic DAC has an output that 
changes in the same direction (or remains constant) for 
each increase in the input code. The converse is true for 
decreasing codes. 

MSB (Most Significant Bit): In a binary coded system this 
is the bit that has the largest value or weight. Its value is one 
half of full scale. 


Multiplying DAC: In a sense, every DAC is a multiplying 
DAC since the output voltage (or current) is equal to the 
reference voltage times a constant determined by the digital 
input code divided by 2 n (n is the number of bits of resolu- 
tion). In a two quadrant multiplying DAC the reference volt- 
age or the digital input code can change the output voltage 
polarity. If both the reference voltage and the digital code 
change the output voltage polarity, four quadrant multiplica- 
tion exists. 

Offset Error (Zero Error): In a DAC, this is the output volt- 
age that exists when the input digital code is set to give an 
ideal output of zero volts. In the case of an ADC, this is the 
difference between the ideal input voltage (y 2 LSB) and the 
actual input voltage that is needed to make the transition 
from zero to 1 LSB. All the digital codes in the transfer curve 
are offset by the same value. Many converters allow nulling 
of offset with an external potentiometer. Offset error is usu- 
ally expressed in LSBs. 

Power Supply Rejection (Power Supply Sensitivity): The 

sensitivity of a converter to changes in the dc power supply 
voltages. 

Quantizing Error: The error inherent in all A/D conver- 
sions. Since even an “ideal” converter has finite resolution, 
any analog voltage that falls between two adjacent output 
codes will result in an output code that is inaccurate by up to 
y 2 LSB. 

Ratiometric Operation: Many A/D applications require a 
stable and accurate reference voltage against which the in- 
put voltage is compared. This approach results in an abso- 
lute conversion. Some applications, however, use trans- 
ducers or other signal sources whose output voltages are 
proportional to some external reference. In these ratiomet- 
ric applications, the reference for the signal source should 
be connected to the reference input of the converter. Thus, 
any variations in the source reference voltage will also 
change the converter reference voltage and produce an ac- 
curate conversion. 

Resolution: The smallest analog increment corresponding 
to a 1 LSB converter code change. For converters, resolu- 
tion is normally expressed in bits, where the number of ana- 
log levels is equal to 2 n . As an example, a 12-bit converter 
divides the analog signal into 2 12 = 4096 discrete voltage 
(or current) levels. 

Settling Time: The time from a change in input code until a 
DAC’s output signal remains within ± y 2 LSB (or some other 
specified tolerance) of the final value. 
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D/A Converter Selection Guide 

Part 

No. 

Resolution 

(Bits) 

Linearity 
@25°C 
% (Max) 

Settling 

Time 

( + y 2 LSB) 


Temperature 

Range* 

Package 

Comments 


1 

C 

ADC0852 

8 

0.19 


5 


• 

• 

8-Pin DIP 

DAC, Comparator, 
Serial Input 

ADC0854 

8 



5 


• 

• 

14-Pin DIP 

DAC, Comparator, 
Serial Input 

DAC0800 

8 

0.19 

100 ns 

±5 to ±15 

• 



16-Pin DIP 
16-Pin S.O. 

High-Speed 

Multiplying 

DAC0801 

8 

0.39 

100 ns 


• 


• 

. 

16-Pin DIP 
16-Pin S.O. 

High-Speed 

Multiplying 

DAC0802 

8 

0.10 

100 ns 


• 


• 

16-Pin DIP 
16-Pin S.O. 

High-Speed 

Multiplying 

DAC0806 

8 

0.78 

150 ns 




• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0807 

8 

0.39 

150 ns 

±5 to ±15 



• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0808 

8 

0.19 

150 ns 


• 


• 

16-Pin DIP 
16-Pin S.O. 

Multiplying 

DAC0830 

8 

0.05 

1 /x s 

5 to 15 

■ 

• 

• 

20-Pin DIP 
20-Pin S.O. 
20-Pin PCC 

/xP Compatible 

4-Quadrant 

Multiplying 

DAC0831 

8 

0.10 

1 JLtS 

5 to 15 

■ 


• 

20-Pin DIP 

jxP Compatible 

4-Quadrant 

Multiplying 

DAC0832 

8 

0.20 

1 JJiS 

5 to 15 


• 

• 

20-Pin DIP 
20-Pin S.O. 
20-Pin PCC 

jaP Compatible 

4-Quadrant 

Multiplying 

DAC1000 

10 

0.05 

500 ns 


• 

• 

• 

24-Pin DIP 

p,P Compatible 
Double Buffered 

DAC1001 

10 

0.1 

500 ns 

5 to 15 



• 

24-Pin DIP 

jaP Compatible 
Double Buffered 

DAC1002 

10 

0.2 

500 ns 

5 to 15 

• 

• 

• 

24-Pin DIP 

jaP Compatible 
Double Buffered 

DAC1006 

10 

0.05 

500 ns 

5 to 15 

• 

• 

• 

20-Pin DIP 

juP Compatible 
Double Buffered 

DAC1007 

10 

0.1 


5 to 15 


• 

• 

20-Pin DIP 

jixP Compatible 
Double Buffered 

DAC1008 

10 

0.2 

500 ns 

5 to 15 

• 

• 

• 

20-Pin DIP 

/xP Compatible 
Double Buffered 
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DAC1209 

12 

0.024 




■ 

• 

24-Pin DIP 

/xP Compatible 

4-Quadrant 

Multiplying 

DAC1210 

12 

0.05 

1 JLLS 

5 to 15 


• 

• 

24-Pin DIP 

jliP Compatible 

4-Quadrant 

Multiplying 

DAC1218 

12 

0.012 

1 jus 

5 to 15 


B 

• 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1219 

12 

0.024 

1 /ms 

5 to 15 


• 

• 

18-Pin DIP 

4-Quadrant 

Multiplying 

DAC1220 

12 

0.05 

500 ns 

5 to 15 

• 

• 

i 

• 

18-Pin DIP 

4-Quadrant 

Multiplying 






4-Quadrant 

Multiplying 


0.2 500 ns 5 to 15 




jitP Compatible 

4-Quadrant 

Multiplying 



DAC1232 

12 

0.05 

1 jus 

5 to 15 


a 

• 

20-Pin DIP 

jliP Compatible 
4-Quadrant 









Multiplying 


DAC1265A 

12 


200 ns 

±15 

• 


• 


High-Speed 

DAC1265 

12 

BE09 

200 ns 

±15 

• 


• 


High-Speed 

DAC1266A 

12 

0.006 

200 ns 

± 12 to ±15 

• 


• 


High-Speed 

D AC 1266 

12 

0.012 

200 ns 

± 12 to ±15 

• 


• 

24-Pin DIP 

High-Speed 


* Ambient temperature range for “M” is -55°C to +125°C, “I” is -25°C to +85°C or -40°C to +85°C, “C” 0°C to +70°C. 

































DAC0800/D AC080 1 /D AC0802 



National 

Semiconductor 

Corporation 


DAC0800/DAC080 1 / D AC0802 8-Bit Digital-to-Analog 
Converters 


General Description 

The DAC0800 series are monolithic 8-bit high-speed cur- 
rent-output digital-to-analog converters (DAC) featuring typi- 
cal settling times of 100 ns. When used as a multiplying 
DAC, monotonic performance over a 40 to 1 reference cur- 
rent range is possible. The DAC0800 series also features 
high compliance complementary current outputs to allow 
differential output voltages of 20 Vp-p with simple resistor 
loads as shown in Figure 1. The reference-to-full-scale cur- 
rent matching of better than ± 1 LSB eliminates the need for 
full-scale trims in most applications while the nonlinearities 
of better than ±0.1% over temperature minimizes system 
error accumulations. 

The noise immune inputs of the DAC0800 series will accept 
TTL levels with the logic threshold pin, Vlc» grounded. 
Changing the V|_c potential will allow direct interface to oth- 
er logic families. The performance and characteristics of the 
device are essentially unchanged over the full ± 4.5V to 
± 18V power supply range; power dissipation is only 33 mW 
with ±5V supplies and is independent of the logic input 
states. 


The DAC0800, DAC0802, DAC0800C, DAC0801C and 
DAC0802C are a direct replacement for the DAC-08, DAC- 
08A, DAC-08C, DAC-08E and DAC-08 H, respectively. 

Features 

■ Fast settling output current 100 ns 

■ Full scale error ± 1 LSB 

■ Nonlinearity over temperature ±0.1% 

■ Full scale current drift ±10 ppm/°C 

■ High output compliance —10V to +18V 

■ Complementary current outputs 

■ Interface directly with TTL, CMOS, PMOS and others 

■ 2 quadrant wide range multiplying capability 

■ Wide power supply range ±4.5V to ±18V 

■ Low power consumption 33 mW et ± 5V 

■ Low cost 


Typical Applications 


10V 



FIGURE 1. ±20 Vp.p Output Digital-to-Analog Converter (Note 4) 


TL/H/5686-1 


Ordering Information 


Non-Linearity 

Temperature 

Range 

Order Numbers 

J Package (J16A)* 

N Package (N16A)* 

SO Package (M16A) 

±0.1% FS 

— 55°C ^ T A ^ + 1 25°C 

DAC0802LJ 

DAC-08AQ 




±0.1% FS 

0°C ^ T a <: +70°C 

DAC0802LCJ 

DAC-08HQ 

DAC0802LCN 

DAC-08HP 

DAC0802LCM 

±0.19% FS 

— 55°C <,Ta< + 1 25°C 

DAC0800LJ 

DAC-08Q 




±0.19% FS 

o°c <; t a <; +70°c 

DAC0800LCJ 

DAC-08EQ 

DAC0800LCN 

DAC-08EP 

DAC0800LCM 

±0.39% FS 

o°c <; t a ^ +70°c 

DAC0801 LCJ 

DAC-08CQ 

DAC0801 LCN 

DAC-08CP 

DAC0801 LCM 


* Devices may be ordered by using either order number. 
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Absolute Maximum Ratings (Notei) 

If Military /Aerospace specified devices are required, Lead Temp. (Soldering, 10 seconds) 


contact the National Semiconductor 

Sales Office/ 

Dual-In-Line Package (plastic) 



260°C 

Distributors for availability and specifications. 

Dual-In-Line Package (ceramic) 



300°C 

Supply Voltage (V+ - V~) 

± 18V or 36V 

Surface Mount Package 




Power Dissipation (Note 2) 

500 mW 

Vapor Phase (60 seconds) 



215°C 

Reference Input Differential Voltage 


Infrared (15 seconds) 



220°C 

(VI 4 to VI 5) 

Reference Input Common-Mode Range 

V~toV+ 

Operating Conditions (Note d 



(VI 4, VI 5) 

V- to V+ 

Min 

Max 

Units 


Reference Input Current 

5 mA 

Temperature (Ta) 




Logic Inputs V - 

~ to V“ plus 36V 

DAC0802L -55 

+ 125 

°C 


Analog Current Outputs (Vs - = -15V) 

4.25 mA 

DAC0800L -55 

+ 125 

°C 


ESD Susceptibility (Note 3) 

TBD V 

DAC0800LC 0 

+ 70 

°c 


Storage Temperature - 

65°C to + 150°C 

DAC0801LC 0 

+ 70 

°c 




DAC0802LC 0 

+ 70 

°c 



Electrical Characteristics The following specifications apply f or Vg = ± 15V, Iref = 2 mA and Tmin ^ T A ^ 
T MA x unless otherwise specified. Output characteristics refer to both Iquj and Iquj- 


Symbol 

Parameter 

Conditions 

DAC0802L/ 

DAC0802LC 

DAC0800L/ 

DAC0800LC 

DAC0801LC 

Units 




Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 



Resolution 


8 

8 

8 

8 

8 

8 


8 

8 

Bits 


Monotonicity 


8 

8 

8 

8 

8 

8 


8 

8 

Bits 


Nonlinearity 




±0.1 



±0.19 



±0.39 

%FS 

ts 

Settling Time 

To ± y 2 LSB, All Bits Switched 


100 

135 





100 

150 

ns 



“ON” or “OFF”, T A =25°C 
DAC0800L 





100 

135 




ns 



DAC0800LC 





100 

150 




ns 

tPLH, 

Propagation Delay 

T A = 25°C 







■ 




tPHL 

Each Bit 



35 

60 


35 




60 

ns 


All Bits Switched 



35 

60 


35 


■ 


60 

ns 

TCIfs 

Full Scale Tempco 



±10 

±50 


±10 

±50 


±10 

±80 

ppm/°C 

v OC 

Output Voltage Compliance 

Full Scale Current Change 
<Vz LSB, Rout > 20 Mft Typ 

-10 


18 

-10 


18 

-10 


18 

V 

>FS4 

Full Scale Current 

V REF = 10.000V, R14 = 5.000 k Cl 
R1 5 = 5.000 kH, T a = 25°C 

1.984 

1.992 

2.000 

1.94 

1.99 






Ifss 

Full Scale Symmetry 

IfS4->FS2 


±0.5 

±4.0 


±1 

±8.0 


±2 

±16 

fi A 

izs 

Zero Scale Current 



0.1 

1.0 


0.2 

2.0 


0.2 

4.0 

jaA 

Ifsr 

Output Current Range 

V- = -5V 

0 

2.0 

2.1 

0 

2.0 

2.1 

0 

2.0 

2.1 

mA 



V- = — 8Vto -18V 

0 

2.0 

4.2 

0 

2.0 

4.2 

0 

2.0 

4.2 

mA 


Logic Input Levels 












V |L 

Logic “0” 

> 

o 

II 

> 



0.8 



0.8 



0.8 

V 

V|H 

Logic “1” 


2.0 



2.0 



2.0 



V 


Logic Input Current 

> 

o 

II 

o 

_l 

> 











IlL 

Logic “0” 

-iov^V| N <;+o.8V 


-2.0 

-10 


-2.0 

-10 


-2.0 

-10 

jxA 

IlH 

Logic “1” 

2V^V| N ^ + 18V 


0.002 

10 


0.002 

10 


0.002 

10 

fxA 

Vis 

Logic Input Swing 

V~ = -15V 

-10 


18 

-10 


18 

-10 


18 

V 

Vthr 

Logic Threshold Range 

V S =±15V 

-10 


13.5 

-10 


13.5 

-10 


13.5 

V 

>15 

Reference Bias Current 



EFJ 

Belt] 


ms 

■MB 


bei 


fiA 

dl/dt 

Reference Input Slew Rate 

(Figure 12) 

4.0 

8.0 


Bn 

ESI 


Bn 

ESI 


mA/ju,s 

PSSI FS + 

Power Supply Sensitivity 

4.5V<;V+£18 V 


0.0001 

0.01 


0.0001 

0.01 


0.0001 

0.01 

%/% 

PSSIfs- 


-4.5V^V~^18V 

Iref = 1mA 


0.0001 

0.01 


0.0001 

0.01 


0.0001 

0.01 

%/% 


Power Supply Current 

V s = ±5V, Iref= 1 mA 











1+ 




2.3 

3.8 


2.3 

3.8 


2.3 

3.8 

mA 

1- 




-4.3 

-5.8 


-4.3 

-5.8 


-4.3 

-5.8 

mA 



V S = 5V, -15V, l REF = 2 mA 











1 + 




2.4 

3.8 


2.4 

3.8 


2.4 

3.8 

mA 

1- 




-6.4 

-7.8 


-6.4 

-7.8 


-6.4 

-7.8 

mA 



V s = +15V, I ref =2 mA 











1 + 




2.5 

3.8 


2.5 

3.8 


2.5 

3.8 

mA 

1- 




-6.5 

-7.8 


-6.5 

-7.8 


-6.5 

-7.8 

mA 
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Electrical Characteristics (Continued) 

The following specifications apply for Vs = ±15V, I RE f = 2 mA and Tmin ^ t a ^ t max unless otherwise specified. Output 
characteristics refer to both Iqlit and Iout- 


DAC0802L/ 

DAC0802LC 


DAC0800L/ 

DAC0800LC 


DAC0801LC 


Pd Power Dissipation ±5V, l REF = 1mA 

5V, -15V, l REF = 2mA 

± 15V, I R ef = ^ nnA 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: The maximum junction temperature of the DAC0800, DAC0801 and DAC0802 is 1 25°C. For operating at elevated temperatures, devices in the Dual-ln-Line 
J package must be derated based on a thermal resistance of 100°C/W, junction-to-ambient, 175°C/W for the molded Dual-ln-Line N package and 100°C/W for the 
Small Outline M package. 

Note 3: Human body model, 1 00 pF discharged through a 1 .5 kft resistor. 

Note 4: Pin-out numbers for the DAC080X represent the Dual-ln-Line package. The Small Outline package pin-out differs from the Dual-ln-Line package. 


Connection Diagrams 

Dual-ln-Line Package 


THRESHOLD 1 
CONTROL, V LC “ 



Small Outline Package 


Top View 


v + - 

v ref( + )- 
v ref(“)- 
C0MPENSATI0N- 
THRESHOLD CONTROL, V LC - 


— ^ 

1 

=7 

16 

2 

15 

3 

14 

4 

13 

5 

12 

6 

11 

7 

10 

8 

9 


Top View 


°7 

'Be 

" B 5 

■b 4 

" B 3 


See Ordering Information 


Block Diagram (Note 4) 
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Typical Performance Characteristics 


Full Scale Current 



0 1 2 3 4 5 

l REF - REFERENCE CURRENT (mA) 


Reference Amp 
Common-Mode Range 


3.6 
1 3.2 

z 2.8 
| 2.4 

=3 

“ 2 
S 1.6 
g 1.2 

e 08 
0.4 
0 

-14 -10 -6 -2 2 6 10 14 18 

V15 - REFERENCE COMMON-MODE VOLTAGE (V) 


t A = t MIN t 0 t maxJ 




AL 

BIT 

S"0 

r 

i 




















“V- 

-15 

V ~ 

/ = - 

5V 


l 'V = 

5V 

IT 



r 

'REF = 2 mA 







F = 1 







'Rp 



r 


rri 




1 


1 


'RE 

1 

: = 0.2 mA 

. 






jm 


=r 




1 


LSB Propagation Delay Vs Ips 



0.01 0.2 0.05 0.1 0.02 0.5 1 2 5 10 

l FS - OUTPUT FULL SCALE CURRENT (mA) 


Reference Input 
Frequency Response 



0.1 0.2 0.5 1 2 5 10 

FREQUENCY (MHz) 


Curve 1 : Cc = 1 5 pF, Vin = 2 Vp-p 
centered at IV. 

Curve 2: Cc=15 pF, V|n = 50 mVp-p 
centered at 200 mV. 

Curve 3: Cc = 0 pF, V|n= 100 mVp-p 
at OV and applied through 50 ft con- 
nected to pin 14.2V applied to R14. 


Logic Input Current 
vs Input Voltage 


-12-10-8-6-4-2 0 2 4 6 8 10 12 14 16 18 
Vj- LOGIC INPUT VOLTAGE (V) 



-50 0 50 100 150 


T a - TEMPERATURE ( C) 


Note. Positive common-mode range is 
always (V + ) - 1.5V 


Output Current vs Output 
Voltage (Output Voltage 
Compliance) 


AL 

BITS 

i_j 

"ON" t' A = T 

1 1 

MIN 

toT 

i/lAX 

-V 

= -15 

V 

v = 

-5V 






_| 



r 


*RE 

_ 

F = 2 

mA 




■ 

■ 

i 

■ 

■ 






m 


■ 1 

BH 





■i 


II 

■ 

■ 

■ 

■ 

■ 

■ 

■ 





B 


n 

HB 

■ 1 

■i 

■ ■ 



-14 -10 -6 -2 2 6 10 14 18 


Output Voltage Compliance 

20 
16 
12 
8 
4 
0 
-4 
-8 
-12 


vs Temperature 













V^sjs 

S^s 





j 

1 

1 


1 

1 





B 

i 

B 

i 

SHADED AREA INDICAl 
PERMISSIBLE 0 UTPU 1 
VOLTAGE RANGE FO 
-V = - 15 V, Ir£f < 2 m 

rES^ 



R 

A 






' W s 

EE 

IGU 

RE 

■Hfc 





11 





H 



) 


NC 

9 K 

6 K 


SB 




■iMI 

Mi 

■■ 

■■ 


Mi 


Bit Transfer 



-50 0 50 100 150 


-12-10-8-6-4-20 2 4 6 8 10 12 14 1618 


V 0 - OUTPUT VOLTAGE (V) 


T A - TEMPERATURE ("0 


V L - LOGIC INPUT VOLTAGE (V) 

TL/H/5686-3 


Note. B1-B8 have identical transfer characteris- 
tics. Bits are fully switched with less than y 2 LSB 
error, at less than ± 1 00 mV from actual thresh- 
old. These switching points are guaranteed to lie 
between 0.8 and 2V over the operating tempera- 
ture range (V|_c = OV). 
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DAC0800/DAC0801/DAC0802 


Typical Performance Characteristics (Continued) 


Power Supply Current 
vs + V 


Power Supply Current 
vs _ V 


Power Supply Current 
vs Temperature 


A 

.LB 

TS 

RIG 

ton 

L0 

W 










_ 










~ i 


























_ 





___ 

_ 










+ ~~ 

1 










t 






AL 

Bl 

rSMAY BE HIGH OR LOW 1 

l l 1 1 1 1 





-WITH l RE 

p - 2 m/ 





L 

1 1 

T 






-WITH l REF = 1 m/ 

— 




1 1 1 1 1~ 

_ 1- WITH l REF = 0.2 m t 

F 



” 

7 






- 






p 


— i 












_ 



ALL BITS HIGH OR LO 

W 




|r 

EF 

2 mA 








“1 1 









’V = 

-1‘ 

V 

— — 


1- 

- 




- 


















fl 

+ v = 

15\ 









l~ 

_ 


|+_ 

— 











_ 










0 2 4 6 8 10 12 14 16 18 20 

V CC - POSITIVE POWER SUPPLY (V) 


0 -2 -4 -6 -8 -10-12-14-16-18-20 
V - NEGATIVE POWER SUPPLY (V) 


-50 50 100 150 

T A - TEMPERATURE ( ‘0 

TL/H/5686-4 


Equivalent Circuit 



TL/H/5686-15 


Typical Applications (Continued) 


DIGITAL INPUTS 


FIGURE 2 


•fs 


, + V REF „ 255 


_RrEF 256 
•o + *0 = *FS for a " 
logic states 

For fixed reference, TTL operation, 
typical values are: 

V REF = 10.000V 
RrEF = 5.000k 
R15 » Rref 
C C = 0.01 jliF 
V L c = 0V (Ground) 


FIGURE 3. Basic Positive Reference Operation (Note 4) 




I APPROX 


' TL/H/5686-21 

FIGURE 4. Recommended Full Scale Adjustment Circuit 
(Note 4) 



TL/H/5686-16 

. ~ V REF x 255 Note. R REF sets l F s: R15 is 
'FS A 25 q for bias current cancellation 

FIGURE 5. Basic Negative Reference Operation (Note 4) 
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Typical Applications (Continued) 


DIGITAL INPUTS 




B1 

B2 

B3 

B4 

B5 

B6 

B7 

CO 

m 

< 

E 

o 

lo mA 

E 0 

EO 

Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

1.992 

0.000 

-9.960 

0.000 

Full Scale -LSB 

1 

1 

1 

1 

1 

1 

1 

0 

1.984 

0.008 

-9.920 

-0.040 

Half Scale + LSB 

1 

0 

0 

0 

0 

0 

0 

1 

1.008 

0.984 

-5.040 

-4.920 

Half Scale 

1 

' 0 

0 

0 

0 

0 

0 

0 

1.000 

0.992 

-5.000 

-4.960 

Half Scale -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

0.992 

1.000 

-4.960 

-5.000 

Zero Scale + LSB 

0 

0 

0 

0 

0 

0 

0 

1 

0.008 

1.984 

-0.040 

-9.920 

Zero Scale 

0 

0 

0 

0 

0 

0 

0 

0 

0.000 

1.992 

0.000 

-9.960 


FIGURE 6. Basic Unipolar Negative Operation (Note 4) 



+ 10.000V 


TL/H/5686-6 



B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

Eo 

Eo 

Pos. Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

-9.920 

+ 10.000 

Pos. Full Scale- LSB 

1 

1 

1 

1 

1 

1 

1 

0 

-9.840 

+ 9.920 

Zero Scale + LSB 

1 

0 

0 

0 

0 

0 

0 

1 

-0.080 

+ 0.160 

Zero Scale 

1 

0 

0 

0 

0 

0 

0 

0 

0.000 

+ 0.080 

Zero Scale -LSB 

0 

1 

1 

1 

1 

1 

1 

1 

+ 0.080 

0.000 

Neg. Full Scale + LSB 

0 

0 

0 

0 

0 

0 

0 

1 

+ 9.920 

-9.840 

Neg. Full Scale 

0 

0 

0 

0 

0 

0 

0 

0 

+ 10.000 

-9.920 


FIGURE 7. Basic Bipolar Output Operation (Note 4) 


5k 

r L 



If Rl = Rl within ±0.05%, output is symmetrical about ground 



B1 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

E 0 

Pos. Full Scale 

1 

1 

1 

1 

1 

1 

1 

1 

+ 9.960 

Pos. Full Scale -LSB 

1 

1 

1 

1 

1 

1 

1 

0 

+ 9.880 

(+)Zero Scale 

1 

0 

0 

0 

0 

0 

0 

0 

+ 0.040 

(-)Zero Scale 

0 

1 

1 

1 

1 

1 

1 

1 

-0.040 

Neg. Full Scale+LSB 

0 

0 

0 

0 

0 

0 

0 

1 

-9.880 

Neg. Full Scale 

0 

0 

0 

0 

0 

0 

0 

0 

-9.960 


FIGURE 8. Symmetrical Offset Binary Operation (Note 4) 




DAC0800/DAC0801/DAC0802 


Typical Applications (Continued) 





'fs s H 'ref 


For complementary output (operation as negative logic DAC), connect invert- 
ing input of op amp to To (pin 2), connect l Q (pin 4) to ground. 

FIGURE 9. Positive Low Impedance Output Operation (Note 4) 



255 

|REF 


For complementary output (operation as a negative logic DAC) connect non-in- 
verting input of op am to b (pin 2); connect lo (pin 4) to ground. 

FIGURE 10. Negative Low Impedance Output Operation (Note 4) 


VTH = V LC + 1.4V 
15V CMOS, HTL, HNIL 
V TH = 7.6V 




361 jl j 01 


1 0K ECL 
V TH ~ -1.29V 



-5.2V V LC 


FOR OFFSET INPUTS 




Typical values: R|N = 5k, + V|N=10V 


Note. Do not exceed negative logic input range of DAC. 

FIGURE 11. Interfacing with Various Logic Families 


FIGURE 12. Pulsed Reference Operation (Note 4) 
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Typical Applications (Continued) 


( a ) Iref ^ peak negative swing of Iin 



TL/H/5686-11 

FIGURE 13. Accommodating Bipolar References (Note 4) 


0.1 mF 



15V -15V 


FIGURE 14. Settling Time Measurement (Note 4) 


TL/H/5686-7 



DAC0800/DAC0801/DAC0802 


Typical Applications (Continued) 



FIGURE 15. A Complete 2 jus Conversion Time, 8-Bit A/D Converter (Note 4) 
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National 

Semiconductor 

Corporation 


DAC0808, DAC0807, DAC0806 8-Bit D/A Converters 


General Description 

The DAC0808 series is an 8-bit monolithic digital-to-analog 
converter (DAC) featuring a full scale output current settling 
time of 150 ns while dissipating only 33 mW with ±5V sup- 
plies. No reference current (Iref) trimming is required for 
most applications since the full scale output current is typi- 
cally ± 1 LSB of 255 Iref/ 256. Relative accuracies of bet- 
ter than ±0.19% assure 8-bit monotonicity and linearity 
while zero level output current of less than 4 jllA provides 
8-bit zero accuracy for Iref^ 2 mA. The power supply cur- 
rents of the DAC0808 series are independent of bit codes, 
and exhibits essentially constant device characteristics over 
the entire supply voltage range. 

The DAC0808 will interface directly with popular TTL, DTL 
or CMOS logic levels, and is a direct replacement for the 


MCI 508/MCI 408. For higher speed applications, see 
DAC0800 data sheet. 

Features 

■ Relative accuracy: ±0.19% error maximum (DAC0808) 

■ Full scale current match: ± 1 LSB typ 

■ 7 and 6-bit accuracy available (DAC0807, DAC0806) 

■ Fast settling time: 150 ns typ 

■ Noninverting digital inputs are TTL and CMOS compati- 
ble 

■ High speed multiplying input slew rate: 8 mA//xs 

■ Power supply voltage range: ±4.5V to ±18V 

■ Low power consumption: 33 mW @ ± 5V 


Block and Connection Diagrams 


A1 A? A*1 Ad At Alt m Aft 



Dual-ln-Line Package 


Order Number 
DAC0808, DAC0807, 
or DAC0806 
See NS Package 
Number J16A, 
M16A or N16A 



Small-Outline Package 


V CC “ 

1 

16 

v REF< + )~ 

2 

15 

v ref(-)“ 

3 

14 

COMPENSATION- 

4 

13 

NC- 

5 

12 ■ 

GND — 

6 

11 - 

v E E- 

7 

10 - 

10- 

8 

9 - 


Ordering Information 

accuracy! OPERATING TEMPERATURE 

RANGE J 


— 55°C<T a ^ + 125°C DA 

0°C^T a ^ + 75°C DAI 

0°C^T a ^+75°C DAI 

0°C^T a <;+ 75 o C DAI 


Top View 


ORDER NUMBERS 

J PACKAGE (J16A)* I N PACKAGE (N16A)* I SO PACKAGE (Ml 6A) 


DAC0808LJ MC1508L8 

DAC0808LCJ MC1408L8 DAC0808LCN MC1408P8 DAC0808LCM 

DAC0807LCJ MC1408L7 DAC0807LCN MC1408P7 DAC0807LCM 

DAC0806LCJ MC1408L6 DAC0806LCN MC1408P6 DAC0806LCM 
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DAC0808/DAC0807/DAC0806 







DAC0808/DAC0807/DAC0806 


Absolute Maximum Ratings (Note d 

If Military/ Aerospace specified devices are required, Storage Temperature Range -65°Cto + 150°C 

contact the National Semiconductor Sales Office/ Lead Temp. (Soldering, 10 seconds) 

Distributors for availability and specifications. Dual-ln-Line Package (Plastic) 260°C 

Power Supply Voltage Dual-ln-Line Package (Ceramic) 300°C 

Vcc + 18 Vdc Surface Mount Package 

V EE — 1 8 Vqc Vapor Phase (60 seconds) 21 5°C 

Digital Input Voltage, V5-V1 2 -10V DC to + 18V DC Infrared (15 seconds) 220°C 

Applied Output voltage, v 0 - 1 1 v DC to + 1 8 v DC Operating Ratings 

Reference Current, l 14 5 mA v^ciauiiy nau "M° 

Reference Amplifier Inputs, V14.V15 V CC ,V EE -BPCs'ta's + 12FC 

Power Dissipation (Note 3) 1 000 mW DAC0808LC Series 0 <;T A <; + 75°C 

ESD Susceptibility (Note 4) TBD 

Electrical Characteristics 

(Vcc = 5 V,V ee = -15V dc , V ref /R 14 = 2 mA, DAC0808 :T a 55°Cto +125°C, DAC0808C, DAC0807C, DAC0806 C,T a 

= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.) 

Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

E r 

Relative Accuracy (Error Relative 

(Figure 4) 




% 


to Full Scale Iq) 







DAC0808L(LM1 508-8), 




±0.19 

% 


DAC0808LC (LM1 408-8) 







DAC0807LC (LM1 408-7), (Note 5) 




±0.39 

% 


DAC0806LC (LM1 408-6), (Note 5) 




±0.78 

% 


Settling Time to Within y 2 LSB 

Ta= 25°C (Note 6), 


150 


ns 


(Includes tp[_H) 

(Figure 5) 





tpLH. tPHL 

Propagation Delay Time 

Ta = 25°C, (Figure 5) 


30 

100 

ns 

TCI 0 

Output Full Scale Current Drift 



±20 


ppm/°C 

MSB 

Digital Input Logic Levels 

(Figure 3) 





V|H 

High Level, Logic “1” 


2 



Vdc 

V| L 

Low Level, Logic “0” 




0.8 

Vdc 

MSB 

Digital Input Current 

(Figure 3) 






High Level 

V| H = 5V 


0 

0.040 

mA 


Low Level 

V| L = 0.8V 


-0.003 

-0.8 

mA 

•l5 

Reference Input Bias Current 

(Figure 3) 


-1 

-3 

jLtA 


Output Current Range 

(Figure 3) 







< 

m 

m 

II 

1 

S 




mA 



V EE = —15V, T a = 25°C 




mA 

lo 

Output Current 

V REF = 2.000V, 







R14 = 1000H, 







(Figure 3) 

1.9 

1.99 

2.1 

mA 


Output Current, All Bits Low 

(Figure 3) 


0 

4 

fiA 


Output Voltage Compliance (Note 2) 

E r ^ 0.19%, T a = 25°C 






V EE = “5 V, Iref = 1 mA 




-0.55, +0.4 

Vdc 


V EE Below -10V 




-5.0, +0.4 

Vdc 
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Electrical Characteristics (Continued) 

(V C c = 5V, V EE = —15 V DC , V RE f/R 1 4 = 2 mA, DAC0808: T A = -55°Cto + 125°C, DAC0808C, DAC0807C, DAC0806 C,T a 
= 0°C to +75°C, and all digital inputs at high logic level unless otherwise noted.) 


Symbol 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

SRIref 

Reference Current Slew Rate 

(Figure 6) 

4 

8 


mA/jiis 


Output Current Power Supply 
Sensitivity 

— 5V ^ V EE <; -16.5V 


0.05 

2.7 

juA/V 


Power Supply Current (All Bits 
Low) 

(Figure 3) 





•cc 




2.3 

22 

mA 

lEE 




-4.3 

-13 

mA 


Power Supply Voltage Range 

T a = 25°C, (Figure 3) 





Vcc 



4.5 

5.0 

5.5 

Vdc 

V EE 


i 

-4.5 

-15 

-16.5 

Vdc 


Power Dissipation 







All Bits Low 

Vcc = 5 V, V EE = -5V 


33 

170 

mW 



V C c = 5V,V EE = -15V 


106 

305 

mW 


All Bits High 

V C c = 15V, V EE = -5V 


90 


mW 



Vcc = 15V, V EE = -15V 


160 


mW 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: Range control is not required. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja. and the ambient temperature, T A . The maximum 
allowable power dissipation at any temperature is Pq = (Tjmax _ t a)^JA or * he number given in the Absolute Maixmum Ratings, whichever is lower. For this 
device, Tjmax = 125°C, and the typical junction-to-ambient thermal resistance of the dual-in-line J package when the board mounted is 100°C/W. For the dual-in- 
line N package, this number increases to 175°C/W and for the small outline M package this number is lOCTC/W. 

Note 4: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Note 5: All current switches are tested to guarantee at least 50% of rated current. 

Note 6: All bits switched. 

Note 7: Pin-out numbers for the DAL080X represent the dual-in-line package. The small outline package pinout differs from the dual-in-line package. 

Typical Application 


Vcc = 5V 



TL/H/5687-3 

FIGURE 1. + 10V Output Digital to Analog Converter (Note 7) 
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Typical Performance Characteristics 

Vcc = 5V, Vee = -15V, Ta = 25°C, unless otherwise noted 


Logic Input Current vs 
Input Voltage 



-12-10 -8-6 -4-20 2 4 6 8 1012 1416 18 


V L - LOGIC INPUT VOLTAGE (V) 


Output Current vs Output 
Voltage (Output Voltage 
Compliance) 


ALL BITS "ON 

1 1 1 






vee 

=~i 

5V 

vee 

= -5 

V 

L 





T 


«1 

4 = 2 

mA 







4=1 







~'l 

mA 







□ 

r: 

1 






r 

r 






114-o.Z mA 

n 


n 



—1—1— 


-14 -10 -6 -2 2 6 10 14 18 


V 0 - OUTPUT VOLTAGE (V) 


Bit Transfer Characteristics 

1.4 


bc 0.8 

=3 
U 

£ 0.6 
a 0.4 
3 0.2 
0 

-12-10-8-6-4-2 0 2 4 6 8 10 12 14 1618 
V L - LOGIC INPUT VOLTAGE (V) 


Output Voltage Compliance 
vs Temperature 




Typical Power Supply 
Current vs Vee 


AL 

LBI 

TSHIGHOR^OW | 






l EE WITH l 14 = 

mA 

H 





1 

n 

n~r 

r 





l EE WIIH 114= 1 mA~ 

— 




1 1 I 1 1 

l EE WITH l 14 = 0.2 mA 

— 






“PZ 








•cc 


i 

1 






1 





0 -2 -4 -6 -8-10-12-14-16-18-20 
V EE - NEGATIVE POWER SUPPLY (V) 


Typical Power Supply 
Current vs Vcc 



V CC - POSITIVE POWER SUPPLY (V) 


Logic Threshold Voltage vs 



-55 -37-19 -1 17 35 53 71 89 107 125 
T a - TEMPERATURE TC) 


Typical Power Supply 
Current vs Temperature 



-50 0 50 100 150 


TEMPERATURE fC) 


Reference Input 
Frequency Response 



0.1 0.3 1 3 10 

f- FREQUENCY (MHz) 

TL/H/5687-5 


Unless otherwise specified: R14 = 
R15 = 1 kft, C = 15 pF, pin 16 to 
Vee! Fl|_ = 5011, pin 4 to ground. 
Curve A: Large Signal Bandwidth 
Method of Figure 7, Vref = 2 Vp-p 
offset 1 V above ground. 

Curve B: Small Signal Bandwidth 
Method of Figure 7, Rl = 250ft, Vref 
= 50 mVp-p offset 200 mV above 
ground. 

Curve C: Large and Small Signal 
Bandwidth Method of Figure 9 (no op 
amp, R|_ = 50ft), Rs == 50ft, Vref == 
2V, V$ = 100 mVp-p centered at OV. 
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Test Circuits 



V| and h apply to inputs A1-A8. 

The resistor tied to pin 1 5 is to temperature compensate the 
bias current and may not be necessary for all applications. 


lo = K( 
where K 


/A1 A2 A4 A5 
V 2 + 4 + 16 + 32 


A6 A7 A8 \ 

_l (_ -)- 

64 128 256/ 


: i ”! 


where K ^ 

R14 

and An = “1” if An is at high level 
An = “0” if An is at low level 


TL/H/5687-6 

FIGURE 3. Notation Definitions Test Circuit (Note 7) 



FIGURE 4. Relative Accuracy Test Circuit (Note 7) 



l PHL = ‘PlH<10"s 
0.7V CLAMP LEVEL 


FOR SETTLING TIME 
MEASUREMENT (ALL BITS 
SWITCHED LOW TO HIGH) 


FIGURE 5. Transient Response and Settling Time (Note 7) 




Test Circuits (Continued) 



ft" 



SEE TEXT FOR VALUES OF C 


FIGURE 7. Positive V REF (Note 7) 


FIGURE 6. Reference Current Slew Rate Measurement (Note 7) 



V REF "T — T 


SEE TEXT FOR VALUES OF C 


FIGURE 8. Negative V REF (Note 7) 



Application Hints 

REFERENCE AMPLIFIER DRIVE AND COMPENSATION 

The reference amplifier provides a voltage at pin 14 for con- 
verting the reference voltage to a current, and a turn-around 
circuit or current mirror for feeding the ladder. The reference 
amplifier input currrent, I- 14 , must always flow into pin 14, 
regardless of the set-up method or reference voltage polarity. 
Connections for a positive voltage are shown in Figure 7. 
The reference voltage source supplies the full current I- 14 . 
For bipolar reference signals, as in the multiplying mode, 


FIGURE 9. Programmable Gain Amplifier or 
Digital Attenuator Circuit (Note 7) 


R15 can be tied to a negative voltage corresponding to the 
minimum input level. It is possible to eliminate R15 with only 
a small sacrifice in accuracy and temperature drift. 

The compensation capacitor value must be increased with 
increases in R14 to maintain proper phase margin; for R14 
values of 1 , 2.5 and 5 kft, minimum capacitor values are 1 5, 
37 and 75 pF. The capacitor may be tied to either V E e or 
ground, but using Vff increases negative supply rejection. 
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Application Hints (Continued) 

A negative reference voltage may be used if R14 is ground- 
ed and the reference voltage is applied to R15 as shown in 
Figure 8. A high input impedance is the main advantage of 
this method. Compensation involves a capacitor to Vee on 
pin 16, using the values of the previous paragraph. The neg- 
ative reference voltage must be at least 4V above the Vee 
supply. Bipolar input signals may be handled by connecting 
R14 to a positive reference voltage equal to the peak posi- 
tive input level at pin 1 5. 

When a DC reference voltage is used, capacitive bypass to 
ground is recommended. The 5 V logic supply is not recom- 
mended as a reference voltage. If a well regulated 5 V sup- 
ply which drives logic is to be used as the reference, R14 
should be decoupled by connecting it to 5V through another 
resistor and bypassing the junction of the 2 resistors with 
0.1 jllF to ground. For reference voltages greater than 5V, a 
clamp diode is recommended between pin 14 and ground. 
If pin 14 is driven by a high impedance such as a transistor 
current source, none of the above compensation methods 
apply and the amplifier must be heavily compensated, de- 
creasing the overall bandwidth. 

OUTPUT VOLTAGE RANGE 

The voltage on pin 4 is restricted to a range of -0.55 to 
0.4V when Vee = -5V due to the current switching meth- 
ods employed in the DAC0808. 

The negative output voltage compliance of the DAC0808 is 
extended to - 5V where the negative supply voltage is more 
negative than - 10V. Using a full-scale current of 1 .992 mA 
and load resistor of 2.5 kn between pin 4 and ground will 
yield a voltage output of 256 levels between 0 and 
—4.980V. Floating pin 1 does not affect the converter 
speed or power dissipation. However, the value of the load 
resistor determines the switching time due to increased volt- 
age swing. Values of Rl up to 500H do not significantly 
affect performance, but a 2.5 kfl load increases worst-case 
settling time to 1 .2 jms (when all bits are switched ON). Refer 
to the subsequent text section on Settling Time for more 
details on output loading. 

OUTPUT CURRENT RANGE 

The output current maximum rating of 4.2 mA may be used 
only for negative supply voltages more negative than -8V, 
due to the increased voltage drop across the resistors in the 
reference current amplifier. 

ACCURACY 

Absolute accuracy is the measure of each output current 
level with respect to its intended value, and is dependent 
upon relative accuracy and full-scale current drift. Relative 
accuracy is the measure of each output current level as a 
fraction of the full-scale current. The relative accuracy of the 
DAC0808 is essentially constant with temperature due to 


the excellent temperature tracking of the monolithic resistor 
ladder. The reference current may drift with temperature, 
causing a change in the absolute accuracy of output cur- 
rent. However, the DAC0808 has a very low full-scale cur- 
rent drift with temperature. 

The DAC0808 series is guaranteed accurate to within ± y 2 
LSB at a full-scale output current of 1 .992 mA. This corre- 
sponds to a reference amplifier output current drive to the 
ladder network of 2 mA, with the loss of 1 LSB (8 \ik) which 
is the ladder remainder shunted to ground. The input current 
to pin 14 has a guaranteed value of between 1.9 and 2.1 
mA, allowing some mismatch in the NPN current source 
pair. The accuracy test circuit is shown in Figure 4. The 1 2- 
bit converter is calibrated for a full-scale output current of 
1 .992 mA. This is an optional step since the DAC0808 accu- 
racy is essentially the same between 1.5 and 2.5 mA. Then 
the DAC0808 circuits’ full-scale current is trimmed to the 
same value with R14 so that a zero value appears at the 
error amplifier output. The counter is activated and the error 
band may be displayed on an oscilloscope, detected by 
comparators, or stored in a peak detector. 

Two 8-bit D-to-A converters may not be used to construct a 
16-bit accuracy D-to-A converter. 16-bit accuracy implies a 
total error of ±y 2 of one part in 65,536 or ±0.00076%, 
which is much more accurate than the ±0.019% specifica- 
tion provided by the DAC0808. 

MULTIPLYING ACCURACY 

The DAC0808 may be used in the multiplying mode with 
8-bit accuracy when the reference current is varied over a 
range of 256:1. If the reference current in the multiplying 
mode ranges from 16 jliA to 4 mA, the additional error con- 
tributions are less than 1 .6 juA. This is well within 8-bit accu- 
racy when referred to full-scale. 

A monotonic converter is one which supplies an increase in 
current for each increment in the binary word. Typically, the 
DAC0808 is monotonic for all values of reference current 
above 0.5 mA. The recommended range for operation with 
a DC reference current is 0.5 to 4 mA. 

SETTLING TIME 

The worst-case switching condition occurs when all bits are 
switched ON, which corresponds to a low-to-high transition 
for all bits. This time is typically 150 ns for settling to within 
± y 2 LSB, for 8-bit accuracy, and 1 00 ns to y 2 LSB for 7 and 
6-bit accuracy. The turn OFF is typically under 100 ns. 
These times apply when Rl ^ 500fi and Cq <, 25 pF. 
Extra care must be taken in board layout since this is usually 
the dominant factor in satisfactory test results when mea- 
suring settling time. Short leads, 100 jliF supply bypassing 
for low frequencies, and minimum scope lead length are all 
mandatory. 
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National 

Semiconductor 

Corporation 


DAC0830/DAC0831/DAC0832 8-Bit jaP 
Compatible, Double-Buffered D to A Converters 


General Description 

The DAC0830 is an advanced CMOS/Si-Cr 8-bit multiplying 
DAC designed to interface directly with the 8080, 8048, 
8085, 280®, and other popular microprocessors. A deposit- 
ed silicon-chromium R-2R resistor ladder network divides 
the reference current and provides the circuit with excellent 
temperature tracking characteristics (0.05% of Full Scale 
Range maximum linearity error over temperature). The cir- 
cuit uses CMOS current switches and control logic to 
achieve low power consumption and low output leakage 
current errors. Special circuitry provides TTL logic input volt- 
age level compatibility. 

Double buffering allows these DACs to output a voltage cor- 
responding to one digital word while holding the next digital 
word. This permits the simultaneous updating of any num- 
ber of DACs. 

The DAC0830 series are the 8-bit members of a family of 
microprocessor-compatible DACs (MICRO-DACtm). For ap- 
plications demanding higher resolution, the DAC1000 series 
(10-bits) and the DAC1208 and DAC1230 (12-bits) are avail- 
able alternatives. 


Features 

■ Double-buffered, single-buffered or flow-through digital 
data inputs 

■ Easy interchange and pin-compatible with 12-bit 
DAC1230 series 

■ Direct interface to all popular microprocessors 

■ Linearity specified with zero and full scale adjust only — 
NOT BEST STRAIGHT LINE FIT. 

■ Works with ± 1 0V reference-full 4-quadrant 
multiplication 

■ Can be used in the voltage switching mode 

■ Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

■ Operates “STAND ALONE” (without /xP) if desired 

■ Available in 20-pin small-outline or molded chip carrier 
package 

Key Specifications 

■ Current settling time 1 jus 

■ Resolution 8 bits 

■ Linearity 8, 9, or 10 bits 

(guaranteed over temp.) 

■ Gain Tempco 0.0002% FS/°C 

■ Low power dissipation 20 mW 

■ Single power supply 5 to 15 Vdc 


Typical Application 



Connection Diagrams (Top Views) 


Dual-ln-Line and 
Small-Outline Packages 



Vcc 

l|.£ (8YTE1/BYTE2)t 

WR? 

XFER 

m 4 

oi 5 

di 6 

0I 7 (MSB) 

Iquiz 

Iouti 


tThis is necessary for the 
12-bit DAC 1230 series to 
permit interchanging from 
an 8-bit to a 12-bit DAC 
with No PC board changes 
and no software changes. 
See applications section. 


Molded Chip Carrier Package 



TL/H/5608-21 
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Absolute Maximum Ratings (Notes i & 2 ) 

If Military/ Aerospace specified devices are required, Lead Temperature (soldering, 10 sec.) 

contact the National Semiconductor Sales Office/ Dual-1 n-Line Package (plastic) 260°C 

Distributors for availability and specifications. Dual-ln-Line Package (ceramic) 300°C 

Supply Voltage (V cc ) 1 7 V DC Surface Mount Package 

Voltage at Any Digital Input V cc toGND SedSo) 360 '’ 22TC 

Voltage at Vref Input ±25V 

Storage Temperature Range -65°C to + 1 50°C Operating Conditions 

Package Dissipation Temperature Range Tmin^ t a^ t MAX 

at T a = 25°C (Note 3) 500 mW Part numbers with ‘LCN’ suffix 0°Cto + 70°C 

DC Voltage Applied to Rart numbers wjth < LCWM > suffix 0 o C t0 + 70 <> c 

Iouti or I 0 UT2 (Note 4) - 1 00 mV to Vcc 

eon o Vut /M ' „ or JZ Part numbers with ‘LCV’ suffix 0°C to + 70°C 

ESD Susceptability (Note 1 4) 800V 

Part numbers with ‘LCJ’ suffix - 40°C to + 85°C 

Part numbers with ‘LJ’ suffix - 55°C to + 1 25°C 

Voltage at Any Digital Input Vcc to GND 

Electrical Characteristics Vref = 10.000 Vdc unless otherwise noted. Boldface limits apply over tempera- 
ture, Tmin^Ta^ Tm ax- For all other limits Ta = 25°C. 

Parameter 

Conditions 

See 

Note 

Vcc = 4.75 V DC 
Vcc = 15.75 V DC 

Vcc = 5 V DC ±5% 
Vcc = 12 Vdc ±5% 
to 15 V DC ±5% 

Limit 

Units 

Typ 

(Note 12) 

Tested 
Limit 
(Note 5) 

Design Limit 
(Note 6) 

CONVERTER CHARACTERISTICS 

Resolution 



8 

8 

8 

bits 

Linearity Error Max 

DAC0830LJ & LCJ 

DAC0832LJ & LCJ 
DAC0830LCN, LCWM & LCV 
DAC0831LCN 

DAC0832LCN, LCWM & LCV 

Zero and full scale adjusted 

— iov ^ v RE p ^ + i ov 

4,8 


0.05 

0.2 

0.05 

0.1 

0.2 

0.05 

0.2 

0.05 

0.1 

0.2 

% FSR 
% FSR 
% FSR 
% FSR 
% FSR 

Differential Nonlinearity 

Max 

DAC0830LJ & LCJ 

DAC0832LJ & LCJ 
DAC0830LCN, LCWM & LCV 
DAC0831LCN 

DAC0832LCN, LCWM & LCV 

Zero and full scale adjusted 

— iov ^ Vref ^ -P iov 

4,8 


0.1 

0.4 

0.1 

0.2 

0.4 

0.1 

0.4 

0.1 

0.2 

0.4 

% FSR 
% FSR 
% FSR 
% FSR 
% FSR 

Monotonicity 

-IOV^Vref lj&lcj 

^ -MOV LCN, LCWM & LCV 

4 


8 

8 

8 

8 

bits 

bits 

Gain Error Max 

Using Internal Rfb 
-10V^Vref^ + 10V 

7 

±0.2 

±1 

±1 

% FS 

Gain Error Tempco Max 

Using internal Rfb 


0.0002 


0.0006 

% 

FS/°C 

Power Supply Rejection 

All digital inputs latched high 

V C c = 14.5V to 15.5V 

11.5V to 12.5V 

4.5V to 5.5V 


0.0002 

0.0006 

0.013 

0.0025 

0.015 


% 

FSR/V 

Reference Input 

Max 



■si 

20 

20 

kn 

Min 



1 

10 

10 

kn 

Output Feedthrough Error 

V RE f = 20 Vp-p, f= 100 kHz 

All data inputs latched low 


3 



mVp-p 
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Electrical Characteristics Vref = 10.000 Vqc unless otherwise noted. Boldface limits apply over tempera- 
ture, T M in^T a ^Tmax- For al1 other limits Ta = 25°C. (Continued) 


V CC = 4.75 V DC 
V CC = 15.75 V DC 


Typ 

(Note 12) 


Tested 
Limit 
(Note 5) 


Vcc = 5 V dc ±5% 
V C C = 12V dc ±5% 
to 15 V DC ±5% 

Design Limit 
(Note 6) 


CONVERTER CHARACTERISTICS (Continued) 

Output Leakage Iouti A, l data inputs LJ & 
Current Max latched low LCN 


Output 

Capacitance 


DIGITAL AND DC CHARACTERISTICS 


IOUTI 

All data inputs 

LJ & LCJ 

10 


100 

100 

nA 


latched low 

LCN, LCWM & LCV 



50 

ioo 

>OUT2 

All data inputs 

LJ & LCJ 



100 

100 

nA 


latched high 

LCN, LCWM & LCV 



50 

100 

•outi 

All data inputs 



45 



PF 

>OUT2 

latched low 



115 



■outi 

All data inputs 



130 



PF 

■0UT2 

latched high 



30 




Digital Input 
Voltages 


Digital Input 
Currents 


Supply Current 
Drain 


Logic Low 


Logic High LJ & 
LCN, 

Digital inputs <0.8V 
LJ & 

LCN, 

Digital inputs>2.0V 

LJ & 
LCN, 


4.75V 

15.75V 

4.75V 

15.75V 

I, LCWM, LCV 
iLCJ 

I, LCWM, LCV 
i LCJ 

I, LCWM, LCV 
c LCJ 

I. LCWM. LCV 


c LCJ 

I. LCWM. LCV 


DAC0830/DAC0831 /DAC0832 
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Electrical Characteristics Vref = 10.000 Vqc unless otherwise noted. Boldface limits apply over tempera- 
ture, Tmin^Ta^Tmax- For al1 o ther limits Ta = 25°C. (Continued) 


Symbol 

Parameter 

Conditions 


V CC = 15.75 V DC 

Vcc=12V dc ± 5% 
to 15 V D c ±5% 

V CC =4.75 V dc 

V C c = 5 V DC 

±5% 

Limit 

Units 

Note 

Typ 

(Note 12) 

Tested 

Limit 
(Note 5) 

Design 

Limit 
(Note 6) 

Typ 

(Note 12) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

AC CHARACTERISTICS 


Current Setting 
Time 

V| L = 0V, V| H = 5V 


1.0 



1.0 



fJLS 

t w 

Write and XFER 

Pulse Width Min 

V| L = 0V, V| H = 5V 

11 

9 

100 

250 

320 

320 

375 

600 

900 

900 

ns 

*DS 

Data Setup Time 
Min 

V| L = 0V, V| H = 5V 

9 

100 

250 

320 

320 

375 

600 

900 

900 

*DH 

Data Hold Time 

Min 

V| L = 0V, V| H = 5V 

9 


30 

30 



50 

50 


*CS 

Control Setup Time 
Min 

V| L = 0V, V,h = 5V 

9 

110 

250 

320 

320 

600 

900 

1100 

1100 

*CH 

Control Hold Time 

Min 

V| L = 0V, V| H = 5V 

9 

0 

0 

0 

10 

0 

0 

0 



Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja> ar| d the ambient temperature, Ta- The maximum 
allowable power dissipation at any temperature is Pp = (Tjmax - Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125°C (plastic) or 150°C (ceramic), and the typical junction-to-ambient thermal resistance of the J package when board mounted is 80°C/W. For 
the N package, this number increases to 1 00°C/W and for the V package this number is 1 20°C/W. 

Note 4: For current switching applications, both Iouti and , OUT2 must 9° t0 ground or the “Virtual Ground” of an operational amplifier. The linearity error is 

degraded by approximately Vqs + Vref- For example, if Vref = 10V then a 1 mV offset, Vos. on Iouti or louT2 will introduce an additional 0.01 % linearity error. 
Note 5: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 6: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 7: Guaranteed at Vref = ±10 Vdc and Vref~ ±1 Vqq. 

Note 8: The unit “FSR” stands for “Full Scale Range.” “Linearity Error” and "Power Supply Rejection” specs are based on this unit to eliminate dependence on a 
particular Vref value and to indicate the true performance of the part. The “Linearity Error” specification of the DAC0830 is “0.05% of FSR (MAX)”. This 
guarantees that after performing a zero and full scale adjustment (see Sections 2.5 and 2.6), the plot of the 256 analog voltage outputs will each be within 
0.05% x Vref of a straight line which passes through zero and full scale. 

Note 9: Boldface tested limits apply to the LJ and LCJ suffix parts only. 

Note 10: A lOOnA leakage current with Rfb=20k and Vref = 10V corresponds to a zero error of (100X 10~ 9 X20X10 3 )X100/10 which is 0.02% of FS. 

Note 11: The entire write pulse must occur within the valid data interval for the specified tw. tps. 1 dh> and Is to apply. 

Note 12: Typicals are at 25°C and represent most likely parametric norm. 

Note 13: Human body model, 100 pF discharged through a 1.5 kn resistor. 
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Switching Waveform 
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Definition of Package Pinouts 


Signals (All control signals level actuated) 

Chip Select (active low). The CS in combina- 
tion with ILE will enable WR-). 

Input Latch Enable (active high). The ILE in 
combination with CS e nables WR-|. 

Write 1. The active low WRi is used to load the 
digital input data bits (Dl) into the input l atch. 
The data in the input latch is latched when WRi 
is high. To update the input latch— CS and WRi 
must be low while ILE is high. 

Writ e 2 (ac tive low). This signal, in combination 
with XFER, causes the 8-bit data which is avail- 
able in the input latch to transfer to the DAC 
register. 

XFER: Transfer control signal (active low). The 

XFER will enable WRj. 

Other Pin Functions 

DI0-DI7: Digital Inputs. DIq is the least significant bit 
(LSB) and DI7 is the most significant bit (MSB). 

■outi : DAC Current Output 1 . Iquti is a maximum 

for a digital code of all 1 ’s in the DAC register, 
and is zero for all 0’s in DAC register. 

•ouT2 : DA C Current Output 2. I0UT2 is a constant 

minus Iouti. or Iouti + Iout2 == constant (I full 
scale for a fixed reference voltage). 

Rft,: Feedback Resistor. The feedback resistor is 

provided on the 1C chip for use as the shunt 


feedback resistor for the external op amp which is 
used to provide an output voltage for the DAC. 
This on-chip resistor should always be used (not 
an external resistor) since it matches the resistors 
which are used in the on-chip R-2R ladder and 
tracks these resistors over temperature. 

Vref : Reference Voltage Input. This input connects an 

external precision voltage source to the internal R- 
2R ladder. Vref can be selected over the range of 
+ 10 to —10V. This is also the analog voltage in- 
put for a 4-quadrant multiplying DAC application. 
V CC : Digital Supply Voltage. This is the power supply 

pin for the part. Vqc can be from + 5 to +1 5Vdc- 
Operation is optimum for +15Vdc- 
GND: The pin 10 voltage must be at the same ground 

potential as Iouti and I0UT2 for current switching 
applications. Any difference of potential (Vos pin 
10) will result in a linearity change of 

V os pin 10 
3 Vref 

For example, if Vref = 10V and pin 10 is 9mV 
offset from Iouti and I0UT2 the linearity change 
will be 0.03%. 

Pin 3 can be offset ±100mV with no linearity 
change, but the logic input threshold will shift. 


Control 

CS: 

ILE: 

WR7: 

WR* 
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Linearity Error 





a) End point test after 
zero and fs adj. 


b) Best straight line 


TL/H/5608-3 

c) Shifting fs adj. to pass 
best straight line test 


Definition of Terms 

Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC0830 
has 2 8 or 256 steps and therefore has 8-bit resolution. 
Linearity Error: Linearity Error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity “end point test” (a) and the “best 
straight line” test (b,c) used by other suppliers are illustrated 
above. The “end point test” greatly simplifies the adjust- 
ment procedure by eliminating the need for multiple itera- 
tions of checking the linearity and then adjusting full scale 
until the linearity is met. The “end point test” guarantees 
that linearity is met after a single full scale adjust. (One ad- 
justment vs. multiple iterations of the adjustment.) The “end 
point test” uses a standard zero and F.S. adjustment proce- 
dure and is a much more stringent test for DAC linearity. 
Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 


Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ±y 2 LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 

Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC0830 series, full-scale is Vref - 1 LSB. 
For Vref = 10V and unipolar operation, Vfull-SCALE = 
10.0000V -39mV= 9.961V. Full-scale error is adjustable to 
zero. 

Differential Nonlinearity: The difference between any two 
consecutive codes in the transfer curve from the theoretical 
1 LSB is differential nonlinearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. An 8-bit DAC 
which is monotonic to 8 bits simply means that increasing 
digital input codes will produce an increasing analog output. 


i 1 
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FIGURE 1. DAC0830 Functional Diagram 
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Typical Performance Characteristics 


Digital Input Threshold 



-55-35-15 5 25 45 65 85 105 125 
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Digital Input Threshold 



5 10 15 

V CC . SUPPLY VOLTAGE (V) 


Gain and Linearity Error 
Variation vs. Temperature 
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DAC0830 Series Application Hints 

These DAC’s are the industry’s first microprocessor com- 
patible, double-buffered 8-bit multiplying D to A converters. 
Double-buffering allows the utmost application flexibility 
from a digital control point of view. This 20-pin device is also 
pin for pin compatible (with one exception) with the 
DAC1230, a 12-bit MICRO-DAC. In the event that a sys- 
tem’s analog output resolution and accuracy must be up- 
graded, substituting the DAC1230 can be easily accom- 
plished. By tying address bit Ao to the ILE pin, a two-byte /xP 
write instruction (double precision) which automatically in- 
crements the address for the second byte write (starting 
with Ao = “1 ”) can be used. This allows either an 8-bit or the 
12-bit part to be used with no hardware or software chang- 
es. For the simplest 8-bit application, this pin should be tied 
to Vcc (also see other uses in section 1.1). 

Analog signal control versatility is provided by a precision R- 
2R ladder network which allows full 4-quadrant multiplica- 
tion of a wide range bipolar reference voltage by an applied 
digital word. 

1.0 DIGITAL CONSIDERATIONS 

A most unique characteristic of these DAC’s is that the 8-bit 
digital input byte is double-buffered. This means that the 
data must transfer through two independently controlled 8- 
bit latching registers before being applied to the R-2R lad- 
der network to change the analog output. The addition of a 
second register allows two useful control features. First, any 
DAC in a system can simultaneously hold the current DAC 
data in one register (DAC register) and the next data word in 
the second register (input register) to allow fast updating of 
the DAC output on demand. Second, and probably more 
important, double-buffering allows any number of DAC’s in a 


system to be updated to their new analog output levels 
simultaneously via a common strobe signal. 

The timing requirements and logic level convention of the 
register control signals have been designed to minimize or 
eliminate external interfacing logic when applied to most 
popular microprocessors and development systems. It is 
easy to think of these converters as 8-bit “write-only” mem- 
ory locations that provide an analog output quantity. All in- 
puts to these DAC’s meet TTL voltage level specs and can 
also be driven directly with high voltage CMOS logic in non- 
microprocessor based systems. To prevent damage to the 
chip from static discharge, all unused digital inputs should 
be tied to Vcc or ground. If any of the digital inputs are 
inadvertantly left floating, the DAC interprets the pin as a 
logic “1”. 

1.1 Double-Buffered Operation 

Updating the analog output of these DAC’s in a double-buff- 
ered manner is basically a two step or double write opera- 
tion. In a microprocessor system two unique system ad- 
dresses must be decoded, one for the input latch controlled 
by the CS pin and a second for the DAC latch which is 
controlled by the XFER line. If more than one DAC is being 
driven, Figure 2 , the CS line of each DAC would typically be 
decoded individ ually, but all of the converters could share a 
common XFER address to allow simultaneous updating of 
any number of DAC’s. The timing for this operation is 
shown, Figure 3. 

It is important to note that the analog outputs that will 
change after a simultaneous transfer are those from the 
DAC’s whose input register had been modified prior to the 
XFER command. 
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DAC0830 Series Application Hints (Continued) 
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FIGURE 2. Controlling Mutiple DACs 
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FIGURE 3 


The ILE pin is an active high chip select which can be de- 
coded from the address bus as a qualifier for the normal CS 
signal generated during a write operation. This can be used 
to provide a higher degree of decoding unique control sig- 
nals for a particular DAC, and thereby create a more effi- 
cient addressing scheme. 

Another useful application of the ILE pin of each DAC in a 
multiple DAC system is to tie these inputs together and use 
this as a control line that can effectively “freeze” the out- 
puts of all the DAC’s at their present value. Pulling this line 
low latches the input register and prevents new data from 
being written to the DAC. This can be particularly useful in 
multiprocessing systems to allow a processor other than the 


one controlling the DAC’s to take over control of the data 
bus and control lines. If this second system were to use the 
same addresses as those decoded for DAC control (but for 
a different purpose) the ILE function would prevent the 
DAC’s from being erroneously altered. 

In a “Stand-Alone” system the control signals are generat- 
ed by discrete logic. In this case double -buffering can be 
controlled by simply takin g CS and XFER to a logic “0”, ILE 
to a logic “1 ” and pulling WR-| low to load data to the input 
latch. Pulling WRi low will then update the analog output. A 
logic “1” on either of these lines will prevent the changing 
of the analog output. 
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DAC0830 Series Application Hints (Continued) 
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1.2 Single-Buffered Operation 

In a microprocessor controlled system where maximum 
data throughput to the DAC is of primary concern, or when 
only one DAC of several needs to be updated at a time, a 
single-buffered configuration can be used. One of the two 
internal registers allows the data to flow through and the 
other register will serve as the data latch. 

Digital signal feedthrough (see Section 1.5) is minimized if 
the input register is used as the data latch. Timing for this 
mode is shown in Figure 4. 

Single-b ufferin g in a “stand-alone” system is ac hieve d by 
strobin g WR-j low to update the DAC with CS, WR 2 and 
XFER grounded and ILE tied high. 

1.3 Flow-Through Operation 

Though primarily designed to provide microprocessor inter- 
face compatibility, the MICRO-DAC’s can easily be config- 
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli- 
cations where .the DAC is used in a continuous feedback 
control loop and is driven by a binary up-down counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. 

Simply grounding CS, WR-j, WR 2 , and XFER and tying ILE 
high allows both internal registers to follow the applied digi- 
tal inputs (flow-through) and directly affect the DAC analog 
output. 

1.4 Control Signal Timing 

When interfacing these MICRO-DAC to any microprocessor, 
there are two important time relationships that must be con- 
sidered to insure proper operation. The first is the minimum 
WR strobe pulse width which is specified as 900 ns for all 
valid operating conditions of supply voltage and ambient 
temperature, but typically a pulse width of only 180ns is 
adequate if Vcc = 15Vdc- A second consideration is that 
the guaranteed minimum data hold time of 50ns should 


be met or erroneous data can be latched. This hold time is 
defined as the length of time data must be held valid on the 
digital inputs after a qualified (via CS) WR strobe makes a 
low to high transition to latch the applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse- 
width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 5 for an 
exemplary system which provides a 250ns WR strobe time 
with a data hold time of less than 10ns. 

The proper data set-up time prior to the latching edge (LO to 
HI transition) of the WR strobe, is insured if the WR pulse- 
width is within spec and the data is valid on the bus for the 
duration of the DAC WR strobe. 

1.5 Digital Signal Feedthrough 

When data is latched in the internal registers, but the digital 
inputs are changing state, a narrow spike of current may 
flow out of the current output terminals. This spike is caused 
by the rapid switching of internal logic gates that are re- 
sponding to the input changes. 

There are several recommendations to minimize this effect. 
When latching data in the DAC, always use the input regis- 
ter as the latch. Second, reducing the Vcc supply for the 
DAC from + 1 5V to + 5V offers a factor of 5 improvement in 
the magnitude of the feedthrough, but at the expense of 
internal logic switching speed. Finally, increasing Cc {Figure 
8) to a value consistent with the actual circuit bandwidth 
requirements can provide a substantial damping effect on 
any output spikes. 
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DAC0830 Series Application Hints (Continued) 
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The fundamental purpose of any D to A converter is to pro- 
vide an accurate analog output quantity which is representa- 
tive of the applied digital word. In the case of the DAC0830, 
the output, loun. is a current directly proportional to the 
product of the applied reference voltage and the digital input 
word. For application versatility, a second output, louT 2 > is 
provided as a current directly proportional to the comple- 
ment of the digital input. Basically: 

. _V REFw Digital Input 
0UT1 = 15kfi 256 ’ 

Vref 255 -Digital Input 

!0UT2 = x — 

1 5 kfl 256 

where the digital input is the decimal (base 10) equivalent of 
the applied 8-bit binary word (0 to 255), Vref is the voltage 
at pin 8 and 1 5 ka is the nominal value of the internal resist- 
ance, R, of the R-2R ladder network (discussed in Section 
2.1). 

Several factors external to the DAC itself must be consid- 
ered to maintain analog accuracy and are covered in subse- 
quent sections. 

2.1 The Current Switching R-2R Ladder 

The analog circuitry, Figure 6, consists of a silicon-chromi- 
um (SiCr or Si-chrome) thin film R-2R ladder which is depos- 
ited on the surface oxide of the monolithic chip. As a result, 
there are no parasitic diode problems with the ladder (as 
there may be with diffused resistors) so the reference volt- 
age, Vref. can range -10V to +10V even if Vqc for the 
device is 5Vpc- 

The digital input code to the DAC simply controls the posi- 
tion of the SPDT current switches and steers the available 
ladder current to either Iouti or 1 0UT2 as determined by the 
logic input level (“1” or “0”) respectively, as shown in 


Figure 6. The MOS switches operate in the current mode 
with a small voltage drop across them and can therefore 
switch currents of either polarity. This is the basis for the 4- 
quadrant multiplying feature of this DAC. 

2.2 Basic Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential 
(OVdc) as possible. With Vref = +10V every millivolt ap- 
pearing at either Iouti or louT2 will cause a 0.01% linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 7. 

The inverting input of the op amp is a “virtual ground” creat- 
ed by the feedback from its output through the internal 15 
ka resistor, R^. All of the output current (determined by the 
digital input and the reference voltage) will flow through Rfb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of Vref thus causing 
Iouti to flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to Iouti xR fb and is the opposite polarity of the refer- 
ence voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to +10V. 
The DAC can be thought of as a digitally controlled attenua- 
tor: the output voltage is always less than or equal to the 
applied reference voltage. The Vref terminal of the device 
presents a nominal impedance of 15 ka to ground to exter- 
nal circuitry. 

Always use the internal Rfb resistor to create an output volt- 
age since this resistor matches (and tracks with tempera- 
ture) the value of the resistors used to generate the output 
current (Iouti)- 
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The op amp used in Figure 7 should have offset voltage 
nulling capability (See Section 2.5). 

The selected op amp should have as low a value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an Output voltage er- 
ror which can be significant in low reference voltage appli- 
cations. BI-FET op amps are highly recommended for use 
with these DACs because of their very low input current. 
Transient response and settling time of the op amp are im- 
portant in fast data throughput applications. The largest sta- 
bility problem is the feedback pole created by the feedback 
resistance, R^, and the output capacitance of the DAC. 
This appears from the op amp output to the (-) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 8, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 

Finally, the output voltage swing of the amplifier must be 
greater than Vref to allow reaching the full scale output 
voltage. Depending on the loading on the output of the am- 
plifier and the available op amp supply voltages (only ±12 
volts in many development systems), a reference voltage 
less than 10 volts may be necessary to obtain the full ana- 
log output voltage range. 

2.4 Bipolar Output Voltage with a Fixed Reference 

The addition of a second op amp to the previous circuitry 
can be used to generate a bipolar output voltage from a 
fixed reference voltage. This, in effect, gives sign signifi- 
cance to the MSB Of the digital input word and allows two- 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize full 4-quad- 
rant multiplication: ± Vref x ± Digital Code=±VouT- This 
circuit is shown in Figure 9. 


This configuration features several improvements over ex- 
isting circuits for bipolar outputs with other multiplying 
DACs. Only the offset voltage of amplifier 1 has to be nulled 
to preserve linearity of the DAC. The offset voltage error of 
the second op amp (although a constant output voltage er- 
ror) has no effect on linearity. It should be nulled only if 
absolute output accuracy is required. Finally, the values of 
the resistors around the second amplifier do not have to 
match the internal DAC resistors, they need only to match 
and temperature track each other. A thin film 4-resistor net- 
work available from Beckman Instruments, Inc. (part no. 
694-3-R10K-D) is ideally suited for this application. These 
resistors are matched to 0.1 % and exhibit only 5 ppm/°C 
resistance tracking temperature coefficient. Two of the four 
available 10 kn resistors can be paralleled to form R in 
Figure 9 and the other two can be used independently as 
the resistances labeled 2R. 

2.5 Zero Adjustment 

For accurate conversions, the input offset voltage of the 
Output amplifier must always be nulled. Amplifier offset er- 
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near OVgc as possible. 
This is accomplished for the typical DAC — op amp connec- 
tion {Figure 7) by shorting out Rfb, the amplifier feedback 
resistor, and adjusting the Vos nulling potentiometer of the 
op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if Iouti is 
driving the op amp (all one’s for Iqut2)- The short around 
Rfb is then removed and the converter is zero adjusted. 
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♦THESE RESISTORS ARE AVAILABLE FROM 
BECKMAN INSTRUMENTS, INC. AS THEIR 
PART NO. 694-3-R10K-D 


Input Code 

IDEAL V 0 UT 

MSB LSB 

+v REF 

-Vref 

11111111 

Vref-1 lsb 

-|V REF | + 1 LSB 

1 1 0 0 0 0 0 0 

Vref/2 

-|VrefI/2 

1 0 0 0 0 0 0 0 

0 

0 

0 1111111 

0 0 111111 

-1 LSB 

|VrEfI 1 LSB 
2 

+ 1 LSB 

|VrefI + ilsb 

2 

00000000 

-|VrefI 

+ |VrefI 


FIGURE 9 


2.6 Full-Scale Adjustment 

In the case where the matching of Rfb to the R value of the 
R-2R ladder (typically ±0.2%) is insufficient for full-scale 
accuracy in a particular application, the Vref voltage can be 
adjusted or an external resistor and potentiometer can be 
added as shown in Figure 10 to provide a full-scale adjust- 
ment. 

The temperature coefficients of the resistors used for this 
adjustment are an important concern. To prevent degrada- 
tion of the gain error temperature coefficient by the external 
resistors, their temperature coefficients ideally would have 
to match that of the internal DAC resistors, which is a highly 
impractical constraint. For the values shown in Figure 10, if 
the resistor and the potentiometer each had a temperature 
coefficient of ± 100 ppm/°C maximum, the overall gain error 
temperature coefficent would be degraded a maximum of 
0.0025 %/°C for an adjustment pot setting of less than 3% 
of Rfb- 

2.7 Using the DAC0830 in a Voltage Switching 
Configuration 

The R-2R ladder can also be operated as a voltage switch- 
ing network. In this mode the ladder is used in an inverted 


manner from the standard current switching configuration. 
The reference voltage is connected to one of the current 
output terminals (Iquti f° r true binary digital control, louT2 
is for complementary binary) and the output voltage is taken 
from the normal Vref pin. The converter output is now a 
voltage in the range from 0V to 255/256 Vref as a function 
of the applied digital code as shown in Figure 1 1. 



4-34 



DAC0830 Series Application Hints (Continued) 


2R < 2R < 2R 




+2.5 V 0C REFERENCE 


FIGURE 11. Voltage Mode Switching 


This configuration offers several useful application advan- 
tages. Since the output is a voltage, an external op amp is 
not necessarily required but the output impedance of the 
DAC is fairly high (equal to the specified reference input 
resistance of 10 KH to 20 kfl) so an op amp may be used 
for buffering purposes. Some of the advantages of this 
mode are illustrated in Figures 12, 13, 14 and 15. 

There are two important things to keep in mind when using 
this DAC in the voltage switching mode. The applied refer- 
ence voltage must be positive since there are internal para- 
sitic diodes from ground to the loun and louT2 terminals 
which would turn on if the applied reference went negative. 
There is also a dependence of conversion linearity and 


gain error on the voltage difference between Vcc and the 
voltage applied to the normal current output terminals. This 
is a result of the voltage drive requirements of the ladder 
switches. To ensure that all 8 switches turn on sufficiently 
(so as not to add significant resistance to any leg of the 
ladder and thereby introduce additional linearity and gain 
errors) it is recommended that the applied reference voltage 
be kept less than +5Vdc and Vqc be at least 9V more 
positive than Vref- These restrictions ensure less than 
0.1 % linearity and gain error change. Figures 16, 17 and 18 
characterize the effects of bringing Vref and Vcc closer 
together as well as typical temperature performance of this 
voltage switching configuration. 



Vout = +2.5V DC (l+^X'Z5B') 
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* Voltage switching mode eliminates output signal inversion and therefore a 
need for a negative power supply. 

► Zero code output voltage is limited by the low level output saturation volt- 
age of the op amp. The 2 kH pull-down resistor helps to reduce this volt- 
age. 

* Vos of the °P am P has oo effect on DAC linearity. 

FIGURE 12. Single Supply DAC 


•Vour=2.5V^— -1J 


* Slewing and settling time for a full scale output change is « 1.8 p.s 

FIGURE 13. Obtaining a Bipolar Output from a Fixed 
Reference with a Single Op Amp 
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DAC0830 Series Application Hints (Continued) 



-iov<VbuT<+iov(H£) 


FIGURE 14. Bipolar Output with Increased Output Voltage Swing 



• Only a single +15V supply required 

• Non-interactive full-scale and zero code output adjustments 

• V MAX a nd v min must be ^ +5VDC and ^OV. 

• Incremental Output Step=^ (V M ax-Vmin)- 

D 255 

•Vout = ^(Vmax~v M | N )+— V M tN 

FIGURE 15. Single Supply DAC with Level Shift and Span- 
Adjustable Output 
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* 


Gain and Linearity Error 
Variation vs. Supply Voltage 

0.4 

0.2 

0 

- 0.2 

-0.4 


I VOLTAGE MODE OPERATION I T 
I I I ALINEARITY ERROR J 



0 2 4 6 8 10 12 14 16 

V CC , SUPPLY VOLTAGE (V oc ) 


FIGURE 16 


Gain and Linearity Error 
Variation vs. Reference Voltage 



0 2 4 6 8 10 


Vref, REFERENCE VOLTAGE (Voc) 


Gain and Linearity Error 
Variation vs. Temperature 


| VOLTAGE MODE OPERATION 

I — ALINEARITY ERROR 
V CC = 15V, Vr EF = 5V 



AGAIN ERROR 
Vcc = 15V, Vr EF = 5V OR -I 
Vfcc = 12V, Vr EF = 2.5V 


-55-35-15 5 25 45 65 85 105 125 
T a , AMBIENT TEMPERATURE (°C) 


TL/H/5608-15 

FIGURE 17 FIGURE 18 

Note: For these curves, Vref is the voltage ap- 
plied to pin 11 (Iouti) with pin 12 (I 0 UT 2 ) 
grounded. 
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DAC0830 Series Application Hints (Continued) 


2.8 Miscellaneous Application Hints 

These converters are CMOS products and reasonable care 
should be exercised in handling them to prevent catastroph- 
ic failures due to static discharge. 

Conversion accuracy is only as good as the applied refer- 
ence voltage so providing a stable source over time and 
temperature changes is an important factor to consider. 

A “good” ground is most desirable. A single point ground 
distribution technique for analog signals and supply returns 
keeps other devices in a system from affecting the output of 
the DACs. 

During power-up supply voltage sequencing, the - 1 5V (or 
-12V) supply of the op amp may appear first. This will 
cause the output of the op amp to bias near the negative 
supply potential. No harm is done to the DAC, however, as 
the on-chip 15 kft feedback resistor sufficiently limits the 
current flow from Iquti when this lead is internally clamped 
to one diode drop below ground. 

Careful circuit construction with minimization of lead lengths 
around the analog circuitry, is a primary concern. Good high 
frequency supply decoupling will aid in preventing inadver- 
tant noise from appearing on the analog output. 

Applications 

DAC Controlled Amplifier (Volume Control) 


DIGITAL 

INPUTS 



• When D = 0, the amplifier will go open loop and the output will saturate. 

• Feedback impedance from the -input to the output varies from 15 kiT to 
°o as the input code changes from full-scale to zero. 


Overall noise reduction and reference stability is of particu- 
lar concern when using the higher accuracy versions, the 
DAC0830 and DAC0831, or their advantages are wasted. 

3.0 GENERAL APPLICATION IDEAS 

The connections for the control pins of the digital input reg- 
isters are purposely omitted. Any of the control formats dis- 
cussed in Section 1 of the accompanying text will work with 
any of the circuits shown. The method used depends on the 
overall system provisions and requirements. 


The digital input code is referred to as D and represents the 
decimal equivalent value of the 8-bit binary input, for exam- 
ple: 


Pin 13 

MSB 

Binary Input 

Pin 7 

LSB 

D 

Decimal Equivalent 

1 1 

1 

1 

1 

1 

1 1 

255 

1 0 

0 

0 

0 

0 

0 0 

128 

0 0 

0 

1 

0 

0 

0 0 

16 

0 0 

0 

0 

0 

0 

1 0 

2 

0 0 

0 

0 

0 

0 

0 0 

0 


Capacitance Multiplier 



• Maximum voltage across the equivalent capacitance is 
limited .o VoMAx(0pamp) 



• C 2 is used to improve settling time of op amp. 
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Applications (Continued) 

Two Terminal Floating 4 to 20 mA Current Loop Controller 

INPUT 



• DAC0830 linearly controls the current flow from the input terminal to the 
output terminal to be 4 mA (for D = 0) to 19.94 mA (for D = 255). 

• Circuit operates with a terminal voltage differential of 1 6V to 55V. 


• P 2 adjusts the magnitude of the output current and Pi adjusts the zero 
to full scale range of output current. 

• Digital inputs can be supplied from a processor using opto isolators on 
each input or the DAC latches can flow-through (connect control lines to 
pins 3 and 10 of the DAC) and the input data can be set by SPST toggle 
switches to ground (pins 3 and 10). 


DAC Controlled Exponential Time Response 



TL/H/5608-20 


• Output responds exponentially to input changes and automatically stops 
when Vout = Vin 

• Output time constant is directly proportional to the DAC input code and 
capacitor C 

• Input voltage must be positive (See section 2.7) 
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DAC0830/DAC083 1 /DAC0832 


— 40°C to +85°C — 55°C to + 125°C 


DAC0830LCJ DAC0830LJ 
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National 

Semiconductor 

Corporation 


DAC1000, DAC1001, DAC1002, DAC1006, DAC1007, 
DAC1008 juP Compatible, 

Double-Buffered D to A Converters 


General Description 

The DAC1 000/1/2 and DAC1 006/7/8 are advanced 
CMOS/Si-Cr 10-, 9- and 8-bit accurate multiplying DACs 
which are designed to interface directly with the 8080, 8048, 
8085, Z-80 and other popular microprocessors. These 
DACs appear as a memory location or an I/O port to the jxP 
and no interfacing logic is needed. 

These devices, combined with an external amplifier and 
voltage reference, can be used as standard D/A converters; 
and they are very attractive for multiplying applications 
(such as digitally controlled gain blocks) since their linearity 
error is essentially independent of the voltage reference. 
They become equally attractive in audio signal processing 
equipment as audio gain controls or as programmable at- 
tenuators which marry high quality audio signal processing 
to digitally based systems under microprocessor control. 

All of these DACs are double buffered. They can load all 1 0 
bits or two 8-bit bytes and the data format can be either right 
justified or left justified. The analog section of these DACs is 
essentially the same as that of the D AC 1020. 

The DAC1000 series are the 10-bit members of a family of 
microprocessor-compatible DAC’s (MICRO-DACtm’s). For 
applications requiring other resolutions, the DAC0830 series 
(8 bits) and the DAC1208 and DAC1230 (12 bits) are avail- 
able alternatives. 


Part# 

Accuracy 

(bits) 

Pin 

Description 

DAC1000 

10 

24 

Has all 

logic 

features 

DAC1001 

9 

DAC1002 

8 

DAC1006 

10 

20 

For left- 
justified 
data 

DAC1007 

9 

D AC 1008 

8 


Features 

■ Uses easy to adjust END POINT specs, NOT BEST 
STRAIGHT LINE FIT 

■ Low power consumption 

■ Direct interface to all popular microprocessors. 

■ Integrated thin film on CMOS structure 

■ Double-buffered, single-buffered or flow through digital 
data inputs. 

■ Loads two 8-bit bytes or a single 10-bit word. 

■ Logic inputs which meet TTL voltage level specs (1 .4V 
logic threshold). 

■ Works with ±10V reference— full 4-quadrant multiplica- 
tion. 

■ Operates STAND ALONE (without jaP) if desired. 

■ Available in 0.3" standard 20-pin and 0.6" 24-pin pack- 
age. 

■ Differential non-linearity selection available as special 
order. 

Key Specifications 

■ Output Current Settling Time 500 ns 

■ Resolution 10 bits 

■ Linearity 10, 9, and 8 bits 

(guaranteed over temp.) 

■ Gain Tempco -0.0003% of FS/°C 

■ Low Power Dissipation 20 mW 

(including ladder) 

■ Single Power Supply 5 to 15 Vqc 


Typical Application 

DAC1006/1007/1008 
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Absolute Maximum Ratings (Notes 1 & 2) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V C c) 1 7 V DC 

Voltage at Any Digital Input Vcc to GND 

Voltage at Vr E r Input ± 25 V 

Storage Temperature Range - 65°C to + 1 50°C 

Package Dissipation at Ta = 25°C (Note 3) 500 mW 

DC Voltage Applied to Iquti or loUT2 
(Note 4) -100 mV to V C c 


ESD Susceptibility (Note 1 1 ) 800V 

Lead Temp. (Soldering, 10 seconds) 

Dual-In-Line Package (plastic) 260°C 

Dual-In-Line Package (ceramic) 300°C 

Operating Ratings (Notei) 

Temperature Range Tmin ^ t A ^ Tmax 

Part numbers with ‘LCN’ suffix 0°C to 70°C 

Part numbers with ‘LCJ’ suffix - 40°C to + 85°C 

Part numbers with ‘LJ’ suffix - 55°C to + 1 25°C 

Voltage at Any Digital Input Vcc to GND 


Electrical Characteristics 

Tested at Vcc = 4.75 Vqc and 15.75 Vqc. Ta=25°C, Vr EE = 10.000 v DC unless otherwise noted 


V CC = 5V DC ±5% Units 
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Electrical Characteristics 

Tested at Vcc = 4.75 Vdc and 15.75 Vdc. Ta = 25°C, Vref =10 -000 Vdc unless otherwise noted (Continued) 


Parameter 


Conditions 

See 

Note 

V C c = 12V D c± 5% 
to 15 V dc ±5% 


Units 




Min. 

Typ. 

Max. 



Max. 


Output Leakage 


t MIN^T A ^TmaX 

6 








Current Iquti 


All data inputs 











latched low 

10 



200 




nA 

<OUT2 


All data inputs 











latched high 




200 




nA 

Digital Input 


Tmin^Ta^Tmax 

6 








Voltages 


Low level 











LJ suffix 




0.8 



0.6 

Vdc 



LCJ, LCN suffix 




0.8, 0.8 



0.7, 0.8 

Vdc 



High level (all parts) 


2.0 



2.0 



Vdc 

Digital input 


Tmin*Ta*Tmax 

6 








Currents 


Digital inputs <0.8V 



-40 

-150 


-40 

-150 

^a D c 



Digital inputs >2.0V 



1.0 

+ 10 


1.0 

+ 10 

/J'Adc 

Current Settling 

ts 

V| L =0V, V| H = 5V 



500 



500 


ns 

Time 











Write and XFER 

t w 

V| L = 0V, V|h = 5V, 









Pulse Width 


T a = 25°C 

8 




320 

200 


ns 



Tmin^Ta^Tmax 

g 





250 


ns 

Data Set Up Time 

*DS 

V| L = 0V, V|h = 5V, 





mm 






T a = 25°C 

9 




E9 



ns 



Tmin^Ta^Tmax 





m 



ns 

Data Hold Time 

*DH 

V| L =OV, V| H = 5V 



■ii 


M 






T a = 25°C 





9 






T M |n^Ta^T M ax 





ESI 




Control Set Up 

tcs 

V| L =0V, V|i_=5V, 





| 

■H 



Time 


T a = 25°C 

9 

150 

60 








Tmin^Ta^Tmax 


320 

100 


HI 

HI 













mm 





10 

0 


10 

0 







10 

0 


10 

0 




Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: For current switching applications, both Iouti and louT2 must go to ground or the “Virtual Ground" of an operational amplifier. The linearity error is 
degraded by approximately Vqs^ Vref- For example, if Vref= 10V then a 1 mV offset, Vos. on Iouti or I 0 UT 2 will introduce an additional 0.01 % linearity error. 
Note 5: Guaranteed at Vref— - *10 Vdc and Vref = ±1 Vdc- 
Note 6: Tmin = 0°C and Tmax 770°C for “LCN" suffix parts. 

Tmin = -40 ° c and Tmax = 8 50 C for "LCJ" suffix parts. 

Tmin~ 55°C and Tmax = 125°C for “LJ" suffix parts. 

Note 7: The unit “FSR" stands for “Full Scale Range." “Linearity Error” and “Power Supply Rejection” specs are based on this unit to eliminate dependence on a 
particular Vr E f value and to indicate the true performance of the part. The “Linearity Error” specification of the DAC1000 is “0.05% of FSR (MAX).” This 
guarantees that after performing a zero and full scale adjustment (See Sections 2.5 and 2.6), the plot of the 1024 analog voltage outputs will each be within 
0.05% X Vref °f a straight line which passes through zero and full scale. 

Note 8: This specification implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tw 
of only 100 ns. The entire write pulse must occur within the valid data interval for the specified tw, tos. fDH> ar| d fs to apply- 
Note 9: Guaranteed by design but not tested. 

Note 10: A 200 nA leakage current with Rfb=20K and Vref = 10V corresponds to a zero error of (200X10 -9 X20X10 3 )X100-M0 which is 0.04% of FS. 
Note 11: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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D AC 1 000/D AC 1 001 /DAC 1 002/D AC 1 006/D AC 1 007/D AC 1008 


Switching Waveforms 


vm— V 

CS. BYTE1/BYTE2 50%-V- 


-tcs— 


WR 


VlL 
V|H " 


■Jr- 

Jr 50 * 


VlL 

DATA BITS V|H 

VlL 

lOUTi. lOUTz 


LJ 


-50% 

- «DS ►! *0H |— 


50%-/” 


y 


r 


SETTLED TO 
±Vi LSB 


TL/H/5688-2 


Typical Performance Characteristics 


Errors vs. Supply Voltage 



0 5 10 15 

SUPPLY VOLTAGE Vcc (VDC) 


Errors vs. Temperature 























A 

n 

LINE 

n 

ARIT 

ER 

1 

10R 









| 

1 

b 


As 






A C 

IAIN 

1 

ERRI 

DfN 







L 









t 




-55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 



-55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C> 



-55-35-15 5 25 45 65 85 105 125 
AMBIENT TEMPERATURE (°C) 


Data Setup Time, tps 



Tft, AMBIENT TEMPERATURE (°C) 



Ta. AMBIENT TEMPERATURE (°C) 


Digital Threshold 



0.0 5 10 15 


SUPPLY VOLTAGE VCC (V) 


Digital Input Threshold 



-55-35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


TL/H/5688-3 
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Block and Connection Diagrams 

DAC1000/1001/1002 (24-Pin Parts) DAC1000/1001/1002 



BYTE 2 RJ 


DAC1006/1007/1008 (20-Pin Parts) 



BYTE 2 


DAC 1006/ 1007/ 1008 
(20-Pin Parts) 
Dual-ln-Line Package 



TL/H/5688-28 

Top View 


See Ordering Information 


TL/H/5688-5 



DAC1000/DAC1001/DAC1002/DAC1006/DAC1007/DAC1008 


DAC1000/1001/1002— Simple Hookup for a “Quick Look” 



Notes: 

1. For Vref“ -10.240 V D c the output voltage steps are approximately 10 mV each. 

2. Operation is set up for flow through— no latching of digital input data. 

3. Single point ground is strongly recommended. 


TL/H/5688-6 


DAC 1006/ 1007/ 1008— Simple Hookup for a “Quick Look” 



Notes: 

1 . For Vref= - 10.240 Vqc the output voltage steps are approximately 1 0 mV each. 

2. SW1 is a normally closed switch. While SW1 is closed, the DAC register is latched and new data 

can be loaded into the input latch via the 10 SW2 switches. ) 

When SW1 is momentarily opened the new data is transferred from the input latch to the DAC register and is latched when SW1 again closes. 
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1.0 DEFINITION OF PACKAGE PINOUTS 


1.1 Control Signals (All control signals are level actuated.) 
CS: Chip Select — active low, it will enable WR (DAC1 003- 
1008) or WR-i (DAC1 000- 1002). 

WR or WRi: Write — The active low WR (or WRi — 
DAC1 000-1 002) is used to load the digital data bits (Dl) into 
the inp ut latc h. The data in the input latch is latched when 
WR (or WRi) is high. The 10-bit input latch is split into two 
latche s; one holds 8 bits and the other holds 2 bits. The 
Bytel /Byte2 contro l pin is used to select both input latches 
when Bytel /Byte2 = 1 or to overwrite the 2-bit input latch 
when in the low state. 

WR 2 : Extra Write (DAC10Q0-1002) — The active low WR 2 
is used to lo ad the data from the input latch to the DAC 
register while XFER is low. The data in the DAC register is 
latched when WR 2 is high. 

Bytel /Byte2: Byte Sequence Control — When this control 
is high, all ten locations of the input latch are enabled. When 
low, only two locations of the input latch are enabled and 
these two locations are overwritten on the second byte 
write. On the DAC1006, 1007, and 1008, the Bytel /Byte2 
must be low to transfer the 10-bit data in the input latch to 
the DAC register. 

XFER: Transfer Control Signal, active low — This signal, in 
combination with others, is used to transfer the 10-bit data 
which is available in the input latch to the DAC register — 
see timing diagrams. 

LJ/RJ: Left Justify/Right Justify (DAC1 000- 1002) — When 
LJ/RJ is high the part is set up for left justified (fractional) 
data format. (DAC1 006- 1008 have this done internally.) 
When LJ/RJ is low, the part is set up for right justified (inte- 
ger) data. 

1.2 Other Pin Functions 


Dlj (i = 0 to 9): Digital Inputs — Dio is the least significant bit 
(LSB) and Dl g is the most significant bit (MSB). 

Iouti= DA C Current Output 1 — Iouti is a maximum for a 
digital input code of all 1 s and is zero for a digital input code 
of all 0s. 


Iqut2 : DAC Current Output 2 — louT2 ls a constant minus 
Iquti. or 


IOUT1 + l OUT2 = 


1023 Vref 
1024 R 


where R = 15 ka. 


R FB : Feedback Resistor — This is provided on the 1C chip 
for use as the shunt feedback resistor when an external op 
amp is used to provide an output voltage for the DAC. This 
on-chip resistor should always be used (not an external re- 
sistor) because it matches the resistors used in the on-chip 
R-2R ladder and tracks these resistors over temperature. 
Vref= Reference Voltage Input — This is the connection for 
the external precision voltage source which drives the R-2R 
ladder. Vref can range from -10 to + 10 volts. This is also 
the analog voltage input for a 4-quadrant multiplying DAC 
application. 

Vcc: Digital Supply Voltage — This is the power supply pin 
for the part. Vqc can be from + 5 to +15 Vdc- Operation is 
optimum for + 1 5V. The input threshold voltages are nearly 
independent of Vqc- (See Typical Performance Characteris- 
tics and Description in Section 3.0, T 2 L compatible logic 
inputs.) 

GND: Ground — the ground pin for the part. 

1.3 Definition of Terms 

Resolution: Resolution is directly related to the number of 
switches or bits within the DAC. For example, the DAC1000 
has 2 10 or 1024 steps and therefore has 10-bit resolution. 
Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the “best straight line” test 
(b) used by other suppliers are illustrated below. The “best 
straight line” requires a special zero and FS adjustment for 
each part, which is almost impossible for user to determine. 
The “end point test” uses a standard zero and FS adjust- 
ment procedure and is a much more stringent test for DAC 
linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output (which is the worst case). 


a. End Point Test After Zero and FS Adj. 



b. Best Straight Line 



TL/H/5688-8 
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DAC 1 000/D AC 1001 /DAC 1 002/DAC 1 006/DAC 1 007/D AC 1 008 



DAC1000/DAC1 00 1 /DAC1 002/DAC1 006/DAC 1 007/DAC 1 008 


Settling Time: Settling time is the time required from a code 
transition until the DAC output reaches within ± y 2 LSB of 
the final output value. Full-scale settling time requires a zero 
to full-scale or full-scale to zero output change. 

Full-Scale Error: Full scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1000 series, full-scale is Vref -1 LSB. 
For Vref = ~ 10V and unipolar operation, Vrull- 
SCALE = 10.0000V -9.8mV= 9.9902V. Full-scale error is 
adjustable to zero. 

Monotonicity: If the output of a DAC increases for increas- 
ing digital input code, then the DAC is monotonic. A 10-bit 
DAC with 10-bit monotonicity will produce an increasing an- 
alog output when all 10 digital inputs are exercised. A 10-bit 
DAC with 9-bit monotonicity will be monotonic when only 
the most significant 9 bits are exercised. Similarly, 8-bit 
monotonicity is guaranteed when only the most significant 8 
bits are exercised. 

2.0 DOUBLE BUFFERING 

These DACs are double-buffered, microprocessor compati- 
ble versions of the DAC1020 10-bit multiplying DAC. The 
addition of the buffers for the digital input data not only al- 
lows for storage of this data, but also provides a way to 
assemble the 10-bit input data word from two write cycles 
when using an 8-bit data bus. Thus, the next data update for 
the DAC output can be made with the complete new set of 
1 0-bit data. Further, the double buffering allows many DACs 
in a system to store current data and also the next data. The 
updating of the new data for each DAC is also not time 
critical. When all DACs are updated, a common strobe sig- 
nal can then be used to cause all DACs to switch to their 
new analog output levels. 


3.0 TTL COMPATIBLE LOGIC INPUTS 

To guarantee TTL voltage compatibility of the logic inputs, a 
novel bipolar (NPN) regulator circuit is used. This makes the 
input logic thresholds equal to the forward drop of two di- 
odes (and also matches the temperature variation) as oc- 
curs naturally in TTL. The basic circuit is shown in Figure 1. 
A curve of digital input threshold as a function of power 
supply voltage is shown in the Typical Performance Charac- 
teristics section. 

4.0 APPLICATION HINTS 

The DC stability of the Vref source is the most important 
factor to maintain accuracy of the DAC over time and tem- 
perature changes. A good single point ground for the analog 
signals is next in importance. 

These MICRO-DAC converters are CMOS products and 
reasonable care should be exercised in handling them prior 
to final mounting on a PC board. The digital inputs are pro- 
tected, but permanent damage may occur if the part is sub- 
jected to high electrostatic fields. Store unused parts in con- 
ductive foam or anti-static rails. 

4.1 Power Supply Sequencing & Decoupling 

Some 1C amplifiers draw excessive current from the Analog 
inputs to V- when the supplies are first turned on. To pre- 
vent damage to the DAC — an external Schottky diode con- 
nected from Iouti or louT2 to ground may be required to 
prevent destructive currents in Iouti or louT2- If an LM741 
or LF356 is used — these diodes are not required. 

The standard power supply decoupling capacitors which are 
used for the op amp are adequate for the DAC. 


+ vcc 



TL/H/5688-9 
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4.2 Op Amp Bias Current & Input Leads 

The op amp bias current (Ib) CAN CAUSE DC ERRORS. Bl- 
FETtm op amps have very low bias current, and therefore 
the error introduced is negligible. BI-FET op amps are 
strongly recommended for these DACs. 

The distance from the Iouti pin of the DAC to the inverting 
input of the op amp should be kept as short as possible to 
prevent inadvertent noise pickup. 

5.0 ANALOG APPLICATIONS 

The analog section of these DACs uses an R-2R ladder 
which can be operated both in the current switching mode 
and in the voltage switching mode. 

The major product changes (compared with the DAC1020) 
have been made in the digital functioning of the DAC. The 
analog functioning is reviewed here for completeness. For 
additional analog applications, such as multipliers, attenua- 
tors, digitally controlled amplifiers and low frequency sine 
wave oscillators, refer to the DAC1020 data sheet. Some 
basic circuit ideas are presented in this section in addition to 
complete applications circuits. 

5.1 Operation in Current Switching Mode 

The analog circuitry, Figure 2 , consists of a silicon-chromi- 
um (Si-Cr) thin film R-2R ladder which is deposited on the 
surface oxide of the monolithic chip. As a result, there is no 
parasitic diode connected to the Vref pin as would exist if 
diffused resistors were used. The reference voltage input 
(Vref) can therefore range from -10V to +10V. 

The digital input code to the DAC simply controls the posi- 
tion of the SPDT current switches, SWO to SW9. A logical 1 
digital input causes the current switch to steer the avail- 


able ladder current to the Iouti output pin. These MOS 
switches operate in the current mode with a small voltage 
drop across them and can therefore switch currents of ei- 
ther polarity. This is the basis for the 4-quadrant multiplying 
feature of this DAC. 

5.1.1 Providing a Unipolar Output Voltage with the 
DAC in the Current Switching Mode 

A voltage output is provided by making use of an external 
op amp as a current-to-voltage converter. The idea is to use 
the internal feedback resistor, Rfb. from the output of the 
op amp to the inverting (-) input. Now, when current is 
entered at this inverting input, the feedback action of the op 
amp keeps that input at ground potential. This causes the 
applied input current to be diverted to the feedback resistor. 
The output voltage of the op amp is forced to a voltage 
given by: 

Vout = -Oouti x Rfb) 

Notice that the sign of the output voltage depends on the 
direction of current flow through the feedback resistor. 

In current switching mode applications, both current output 
pins (Iouti and I 0 UT 2 ) should be operated at 0 Vdc- This is 
accomplished as shown in Figure 3. The capacitor, Cc, is 
used to compensate for the output capacitance of the DAC 
and the input capacitance of the op amp. The required feed- 
back resistor, Rfb. is available on the chip (one end is inter- 
nally tied to Iouti) and must be used since an external 
resistor will not provide the needed matching and tempera- 
ture tracking. This circuit can therefore be simplified as 


DIGITAL INPUT CODE 


(MSB) 019 018 017 • • • • • Dh Dio (LSB) 



R a 15 kQ 

FIGURE 2. Current Mode Switching 


+VREF 1 


Vcc 

( + 15VPC)| 


“VIRTUAL GROUND" 
(OVDC) 

yJOUTl _ \ 


(INTERNAL) Rfb >0UT 1 

-w= 


2 


T 


H0UT2 



04 


>V0UT= -OOUTiXRfB) 


FIGURE 3. Converting Iqut to Vqut 
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C C PF 
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ts JLtS 
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22 

oo 

3 
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24 

oo 

4 

LF357 

10 

2.4k 
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shown in Figure 4 , where the sign of the reference voltage 
has been changed to provide a positive output voltage. Note 
that the output current, Iouti. now flows through the Rfb 
pin. 

5.1.2 Providing a Bipolar Output Voltage with the 
DAC in the Current Switching Mode 

The addition of a second op amp to the circuit of Figure 4 
can be used to generate a bipolar output voltage from a 
fixed reference voltage Figure 5. This, in effect, gives sign 
significance to the MSB of the digital input word to allow two 
quadrant multiplication of the reference voltage. The polarity 
of the reference can also be reversed to realize the full four- 
quadrant multiplication. 

The applied digital word is offset binary which includes a 
code to output zero volts without the need of a large valued 
resistor common to existing bipolar multiplying DAC circuits. 
Offset binary code can be derived from 2’s complement 
data (most common for signed processor arithmetic) by in- 
verting the state of the MSB in either software or hardware. 
After doing this the output then responds in accordance to 
the following expression: 

Vo=VrefX7“ 


where Vref can be positive or negative and D is the signed 
decimal equivalent of the 2’s complement processor data. 
(-512£D<; + 511 or 1000000000^D^0111111111). If the 
applied digital input is interpreted as the decimal equivalent 
of a true binary word, Vqut can be found by: 


Vq = Vref 


/ D — 512 \ 
V 512 / 


0^D^1023 


With this configuration, only the offset voltage of amplifier 1 
need be nulled to preserve linearity of the DAC. The offset 
voltage error of the second op amp has no effect on lineari- 
ty. It presents a constant output voltage error and should be 
nulled only if absolute accuracy is needed. Another advan- 
tage of this configuration is that the values of the external 
resistors required do not have to match the value of the 
internal DAC resistors; they need only to match and temper- 
ature track each other. 

A thin film 4 resistor network available from Beckman Instru- 
ments, Inc. (part no. 694-3-R10K-D) is ideally suited for this 
application. Two of the four available 10 kfl resistor can be 
paralleled to form R in Figure 5 and the other two can be 
used separately as the resistors labeled 2R. 

Operation is summarized in the table below: 


2’s Comp. 
(Decimal) 


2’s Comp. 
(Binary) 


0111111111 

0100000000 

0000000000 

1111111111 

1100000000 

1000000000 


Applied 
Digital Input 


1111111111 

1100000000 

1000000000 

0111111111 

0100000000 

0000000000 


Applied 
True Binary 
(Decimal) 
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5.2 Analog Operation in the Voltage Switching Mode 

Some useful application circuits result if the R-2R ladder is 
operated in the voltage switching mode. There are two very 
important things to remember when using the DAC in the 
voltage mode. The reference voltage ( + V) must always be 
positive since there are parasitic diodes to ground on the 
•outi Pin which would turn on if the reference voltage went 
negative. To maintain a degradation of linearity less than 
±0.005%, keep + V ^ 3 Vqc and Vcc at least 10V more 
positive than + V. Figures 6 and 7 show these errors for the 
voltage switching mode. This operation appears unusual, 
since a reference voltage (+V) is applied to the Iquti P in 
and the voltage output is the Vref pin. This basic idea is 
shown in Figure 8. 

This Vqut range can be scaled by use of a non-inverting 
gain stage as shown in Figure 9. 


Notice that this is unipolar operation since all voltages are 
positive. A bipolar output voltage can be obtained by using a 
single op amp as shown in Figure 10. For a digital input 
code of all zeros, the output voltage from the Vref P* n is 
zero volts. The external op amp now has a single input of 
+ V and is operating with a gain of -1 to this input. The 
output of the op amp therefore will be at —V for a digital 
input of all zeros. As the digital code increases, the output 
voltage at the Vref pin increases. 

Notice that the gain of the op amp to voltages which are 
applied to the ( + ) input is +2 and the gain to voltages 
which are applied to the input resistor, R, is -1. The output 
voltage of the op amp depends on both of these inputs and 
is given by: 

Vout=(+V)(-1) + Vr E f( + 2) 



..•l i — i — i — l — l I l I I 

012345678 


REFERENCE VOLTAGE. +V (Vqc) 

FIGURE 6 



, -j i — i — i — i — i i i i i 

0 2 4 6 8 10 12 14 16 

SUPPLY VOLTAGE, VCC (VOC) 
FIGURE 7 


DIGITAL INPUT CODE 

(MSB) Dls D '8 «1 “'ll (LSB) 
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FIGURE 10. Providing a Bipolar Output Voltage with a Single Op Amp 



’© 


TL/H/5688-13 


The output voltage swing can be expanded by adding 2 
resistors to Figure 10 as shown in Figure 1 1. These added 
resistors are used to attenuate the + V voltage. The overall 
gain, Av(-), from the +V terminal to the output of the op 
amp determines the most negative output voltage, -4(4- V) 
(when the Vref voltage at the + input of the op amp is 
zero) with the component values shown. The complete dy- 
namic range of Vqut is provided by the gain from the (+) 
input of the op amp. As the voltage at the Vref pin ranges 
from 0V to +V(1 023/1 024) the output of the op amp will 
range from —10 Vdc to + 10V (1023/1024) when using a 
+ V voltage of +2.500 Vdc- The 2.5 V DC reference voltage 
can be easily developed by using the LM336 zener which 
can be biased through the Rfb internal resistor, connected 
to Vcc- 

5.3 Op Amp Vos Adjust (Zero Adjust) for Current 
Switching Mode 

Proper operation of the ladder requires that all of the 2R 
legs always go to exactly 0 Vdc (ground). Therefore offset 
voltage, Vos. of the external op amp cannot be tolerated as 
every millivolt of Vos will introduce 0.01 % of added linearity 
error. At first this seems unusually sensitive, until it becomes 
clear the 1 mV is 0.01% of the 10V reference! High resolu- 
tion converters of high accuracy require attention to every 
detail in an application to achieve the available performance 
which is inherent in the part. To prevent this source of error, 
the Vqs of the op amp has to be initially zeroed. This is the 
“zero adjust” of the DAC calibration sequence and should 
be done first. 


If the Vqs >s to be adjusted there are a few points to consid- 
er. Note that no “dc balancing” resistance should be used 
in the grounded positive input lead of the op amp. This re- 
sistance and the input current of the op amp can also create 
errors. The low input biasing current of the BI-FET op amps 
makes them ideal for use in DAC current to voltage applica- 
tions. The Vqs of the op amp should be adjusted with a 
digital input of all zeros to force Iout = 0 mA. A 1 kft resistor 
can be temporarily connected from the inverting input to 
ground to provide a dc gain of approximately 15 to the Vqs 
of the op amp and make the zeroing easier to sense. 

5.4 Full-Scale Adjust 

The full-scale adjust procedure depends on the application 
circuit and whether the DAC is operated in the current 
switching mode or in the voltage switching mode. Tech- 
niques are given below for all of the possible application 
circuits. 

5.4.1 Current Switching with Unipolar Output Voltage 

After doing a “zero adjust,” set all of the digital input levels 
HIGH and adjust the magnitude of Vref for 
1023 

V 0 ut= “(ideal V REF ) — 

This completes the DAC calibration. 
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5.4.2 Current Switching with Bipolar Output Voltage 

The circuit of Figure 12 shows the 3 adjustments needed. 
The first step is to set all of the digital inputs LOW (to force 
Iqliti to 0) and then trim “zero adj.” for zero volts at the 
inverting input (pin 2) of 0A1 . Next, with a code of all zeros 
still applied, adjust “ — FS adj.”, the reference voltage, for 
Vout = ±l(ideal Vref)I- The sign of the output voltage will 
be opposite that of the applied reference. 

Finally, set all of the digital inputs HIGH and adjust “ + FS 
adj.” for Vout = Vref ( 511/512 )- The sign of the output at 
this time will be the same as that of the reference voltage. 
The addition of the 200ft resistor in series with the Vref pin 
of the DAC is to force the circuit gain error from the DAC to 
be negative. This insures that adding resistance to Rfb, with 
the 500ft pot, will always compensate the gain error of the 
DAC. 


5.4.3 Voltage Switching with a Unipolar Output Voltage 

Refer to the circuit of Figure 13 and set all digital inputs 
LOW. Trim the “zero adj.” for Vqut = 0 VDC + 1 mV. Then 
set all digital inputs HIGH and trim the “FS Adj.” for: 

V 0 UT = < + V)(l+gS! 

5.4.4 Voltage Switching with a Bipolar Output Voltage 

Refer to Figure 14 and set all digital inputs LOW. Trim the 
“ — FS Adj.” for Vout = “2.5 Vqc- Then set all digital inputs 
HIGH and trim the “ + FS Adj.” for V 0 ut = +2.5 (511/512) 
Vqq. Test the zero by setting the MS digital input HIGH and 
all the rest LOW. Adjust Vqs of amp #3, if necessary, and 
recheck the full-scale values. 


(+FS ADJ) 
500 



FIGURE 12. Full Scale Adjust — Current Switching with Bipolar Output Voltage 


Vcc 



('♦©a® 


FIGURE 13. Full Scale Adjust — Voltage Switching with a Unipolar Output Voltage 
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FIGURE 14. Voltage Switching with a Bipolar Output Voltage 


6.0 DIGITAL CONTROL DESCRIPTION 

The DAC1000 series of products can be used in a wide 
variety of operating modes. Most of the options are shown 
in Table 1. Also shown in this table are the section numbers 
of this data sheet where each of the operating modes is 
discussed. For example, if your main interest in interfacing 
to a | itP with an 8-bit data bus you will be directed to Section 
6 . 1 . 0 . 

The first consideration is “will the DAC be interfaced to a juP 
with an 8-bit or a 16-bit data bus or used in the stand-alone 
mode?“ For the 8-bit data bus, a second selection is made 
on how the 2nd digital data buffer (the DAC Latch) is updat- 
ed by a transfer from the 1st digital data buffer (the Input 
Latch). Three options are provided: 1) an automatic transfer 
when the 2nd data byte is written to the DAC, 2) a transfer 
which is under the control of the juP and can include more 
than one DAC in a simultaneous transfer, or 3) a transfer 
which is under the control of external logic. Further, the data 
format can be either left justified or right justified. 

When interfacing to a ju,P with a 16-bit data bus only two 
selections are available: 1) operating the DAC with a single 
digital data buffer (the transfer of one DAC does not have to 
be synchronized with any other DACs in the system), or 2) 
operating with a double digital data buffer for simultaneous 


transfer, or updating, of more than one DAC. 

For operating without a \iP in the stand alone mode, three 
options are provided: 1) using only a single digital data buff- 
er, 2) using both digital data buffers — “double buffered,” or 
3) allowing the input digital data to “flow through” to provide 
the analog output without the use of any data latches. 

To reduce the required reading, only the applicable sections 
of 6.1 through 6.4 need be considered. 

6.1 Interfacing to an 8-Bit Data Bus 

Transferring 10 bits of data over an 8-bit bus requires two 
write cycles and provides four possible combinations which 
depend upon two basic data format and protocol decisions: 

1 . Is the data to be left justified (considered as fractional 
binary data with the binary point to the left) or right justi- 
fied (considered as binary weighted data with the binary 
point to the right)? 

2. Which byte will be transferred first, the most significant 
byte (MS byte) or the least significant byte (LS byte)? 


Table 1 


Operating Mode Automatic Transfer | jmP Control Transfer External Transfer 


Data Bus 

Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 
(24-Pin) (20-Pin) 

Section 

Figure No. 
(24-Pin) (20-Pin) 

8-Bit Data Bus (6.1.0) 
Right Justified (6.1.1) 
Left Justified (6.1.2) 

6.2.1 

6.2.1 

16 

17 18 

6.2.2 

6.2.2 

16 

17 18 

.6.2.3 

6.2.3 

16 

17 18 

1 fi-Rit Rata Ri ic Q 

Single Buffered 

Double Buffered 

Flow Through 

IO-DII Udld Duo ^0.0. \J) 

6.3.1 

19 20 

6.3.2 

19 20 

Not Applicable 








These data possibilities are shown in Figure 15. Note that 
the justification of data depends on how the 10-bit data 
word is located within the 16-bit data source (CPU) register. 
In either case, there is a surplus of 6 bits and these are 
shown as “don’t care” terms (“x”) in this figure. 

All of these DACs load 10 bits on the 1st write cycle. A 
particular set of 2 bits is then overwritten on the 2nd write 
cycle, depending on the justification of the data. This re- 
quires the 1 st write cycle to contain the LS or L0 Byte data 
group for all right justified data options. For all left justified 
data options, the 1st write cycle must contain the MS or Hi 
Byte data group. 

6.1.1 Providing for Optional Data Format 

The DAC1 000/1/2 (24-pin parts)_can be used for either 
data formatting by tying the LJ/RJ pin either high or low, 
respectively. A simplified logic diagram which shows the ex- 
ternal connections to the data bus and the internal functions 
of both of the data buffer registers (Input Latch and DAC 
Register) is shown in Figure 16 for the right justified data 
operation. Figure 17 is for left justified data. 


6.1.2 For Left Justified Data 

For applications which require left justified data, DAC1006- 
1008 (20-pin parts) can be used. A simplified logic diagram 
which shows the external connections to the data bus and 
the internal functions of both of the data buffer registers 
(Input Latch and DAC Register) is shown in Figure 18. 
These parts require the MS or Hi Byte data group to be 
transferred on the 1st write cycle. 

6.2 Controlling Data Transfer for an 8-Bit Data Bus 

Three operating modes are possible for controlling the 
transfer of data from the Input Latch to the DAC Register, 
where it will update the analog output voltage. The simplest 
is the automatic transfer mode, which causes the data 
transfer to occur at the time of the 2nd write cycle. This is 
recommended when the exact timing of the changes of the 
DAC analog output are not critical. This typically happens 
where each DAC is operating individually in a system and 
the analog updating of one DAC is not required to be syn- 
chronized to any other DAC. For synchronized DAC updat- 
ing, two options are provided: ju,P control via a common 
XFER strobe or external update timing control via an exter- 
nal strobe. The details of these options are now shown. 



FIGURE 15. Fitting a 10-Bit Data Word into 16 Available Bit Locations 


DAC 1 000/ 1001/1 002 (24-Pin Parts) 



TL/H/5688-16 

FIGURE 16. Input Connections and Controls for DAC1000-1002 Right Justified Data Option 
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DAC 1 000/ 1001/1 002 (24-Pln Parts) 



FIGURE 17. Input Connections and Controls for DAC1000-1002 Left Justified Data Option 


j 

DAC1006/1007/1008 (20-Pin Parts for Left Justified Data) 


i 



TL/H/5688-17 

FIGURE 18. Input Connections and Controls for DAC 1006/ 1007/ 1008 Left Justified Data 
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6.2.1 Automatic Transfer 

This makes use of a double byte (double precision) write. The first byte (8 bits) is strobed into the input latch and the second 
byte causes a simultaneous strobe of the two remaining bits into the input latch and also the transfer of the complete 10-bit word 
from the input latch to the DAC register. This is shown in the following timing diagrams; the point in time where the analog output 
is updated is also indicated on these diagrams. 


DAC1000/ 1001/ 1002 (24-Pin Parts) 


DAC1006/1007/1008 (20-Pin Parts) 


Byte 1/Sytel & 


LOAD Byte 1 LOAD Byte 2 & XFER 


TL/H/5688-18 

“SIGNIFIES CONTROL INPUTS WHICH ARE DRIVEN IN PARALLEL 


6.2.2 Transfer Using p,P Write Stroke 

The input latch is loaded with the first two write strobes. The XFER signal is provided by external logic, as shown below, to cause 
the transfer to be accomplished on a third write strobe. This is shown in the following diagrams: 


DAC1000/1001/1002 (24-Pin Parts) 


DAC 1006/ 1007/ 1008 (20-Pin Parts) 


LOAD Byte 1 _ LOAD Byte 2 .... . 

/ /bsrv/ - *\L / 


' ANALOG 

OUTPUT LATCH DAC 
UPDATED REGISTER 


LOAD Byte 1 LOAD Byte 2 


f ANALOG 

OUTPUT LATCH DAC 
UPDATED REGISTER 


WHERE THE XFER CONTROL CAN BE GENERATED BY USING A SECOND CHIP SELECT AS: 


AND THE BYTE CONTROL CAN BE DERIVED FROM THE ADDRESS BUS SIGNALS. 


6.2.3 Transfer Using an External Strobe 

This is similar to the previous operation except the XFER signal is not provided by the juP. The timing diagram for this is: 


DAC1000/1001/1002 (24-Pin Parts) 


DAC 1 006/ 1 007/ 1 008 (20-Pin Parts) 


f ^ LATCH Byte 1 \L LATCH Byte 2 




ANALOG \ /v 

OUTPUT \ ... / \ 

UPDATED ^ | LATCH DAC 

' REGISTER 


CC— V XFER /■"“ 

ANALOG \ 1 

OUTPUT _v - / \ 

UPDATED LATCH OAC 

REGISTER 
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6.3 Interfacing to a 16-Bit Data Bus 

The interface to a 16-bit data bus is easily handled by connecting to 10 of the available bus lines. This allows a wiring selected 
right justified or left justified data format. This is shown in the connection diagrams of Figures 19 and 20 , where the use of DB6 
to DB1 5 gives left justified data operation. Note that any part number can be used and the Bytel /Byte2 control should be wired 
Hi. 


Byte 1 /Byte 1 Pino 
tied to +Vcc 
Rc 

WRiC 


u/Rj = x q 2 1 

ON’T CARE) V ^T 





- - 




0 Q 


S 10-BIT J 


D DATA Q 

0 LATCH 0 



n n 


n 


n n 


D U 


-V LATCH 

| ENABLE 


u 10-BIT nl 

“ dac "r 

0 REGISTER Oj- 


CATCH eWABlC = 1 .Q 
OUTPUTS FOLL OW D INPUTS. 
CATCH ENABLE = 0. DATA 
AT D IS LATCHED. 


FIGURE 19. Input Connections and Logic for DAC1000-1002 with 16-Bit Data Bus 


LEFT | 
JUSTIFIED] 

DB 1 5 9 I Dig (MSB) 



+VCCO— ^ 
Byte 1 /ByteT 


DAC1 006/1007/1 008 (20-PIN PARTS) 

► D Q 

► D Q 

- d 0 

► D Q 

D 10-BIT Q 

„ n INPUT Q 

D LATCH J 


(EQUIVALENT LOGIC SHOWN 
FOR THIS PIN HIGH) 


Q - 
0 ■ 
0 ■ 

Q - 

10-BIT Q . 
DAC n . 
REGISTER jj _ 

0 - 

Q - 
0 - 


WHENj 

LATCH ENABLE = 1.Q 
OUTPUTS FOLLOW D INPUTS. 

LATCH ENABLE = 0, 0ATA 
AT D IS LATCHED. 


FIGURE 20. Input Connections and Logic for DAC 1006/ 1007/ 1008 with 16-Bit Data Bus 
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Three operating modes are possible: flow through, single buffered, or double buffered. The timing diagrams for these are shown 
below: 


6.3.1 Single Buffered 

DAC1000/1001/1002 (24-Pin Parts) 


D AC 1 006/ 1 007/ 1 008 (20-Pin Parts) 


Byte 1 /Byte 2 = 1 
XFER = 0 


ANALOG \ 4 

OUTPUT \ V LATCHES DATA IN 

UPDATED'"'^ | x DAC REGISTER 

LOAD INPUT LATCH & 

XFER TO DAC REGISTER 


l .... /\ INPUT DATA IS 

\ LATCHED 

LOAD INPUT LATCH 


6.3.2 Double Buffered 

DAC 1000/1001/1002 (24-Pin Parts) 


DAC 1006/ 1007/ 1008 (20-Pin Parts) 


INPUT DATA IS LATCHED 

\ v — 


INPUT DATA IS LATCHED 


6.4 Stand Alone Operation 

For applications for a DAC which are not under juP control (stand alone) there are two basic operating modes, single buffered 
and double buffered. The timing diagrams for these are shown below: 

6.4.1 Single Buffered 


DAC1000/1001/1002 (24-Pin Parts) 


DAC 1006/ 1007/ 1008 (20-Pin Parts) 


\ 

LOAD INPUT LATCH 

6.4.2 Double Buffered 


*«"'**" X Npu , 

LATCH 


LATCHES DATA IN DAC REGISTER 
(INPUT DATA MUST REMAIN VALID 
UNTIL THIS TIME) 


DAC1 000/1 001 /1 002 (24-Pin Parts) 


DAC1 006/1007/1008 (20-Pin Parts)* 


CS = X FER = 0 
Byte 1/Byte 2 = 


r \ LATCH DAC 
REGISTER 


•For a connection diagram of this operating mode use Figure 18 for the Logic and Figure 20 for the Data Input connections. 
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6.4.3 Flow Through 

This operating mode causes the 1 0-bit input word to directly create the DAC output without any latching involved. 


DAC1 000/1001/ 1002 (24-Pin Parts) 

WrT = WR2 = CS = XFER = 0 
Byte 1 /Byte 2=1 


7.0 MICROPROCESSOR INTERFACE 

The logic functions of the DAC1000 family have been ori- 
ented towards an ease of interface with all popular juPs. The 
following sections discuss in detail a few useful interface 
schemes. 

7.1 DAC1001/1/2 to INS8080A Interface 

Figure 21 illustrates the simplicity of interfacing the 
DAC1000 to an INS8080A based microprocessor system. 


The circuit will perform an automatic transfer of the 10 bits 
of output data from the CPU to the DAC register as outlined 
in Section 6.2.1 , “Controlling Data Transfer for an 8-Bit Data 
Bus.” 

Since a double byte write is necessary to control the DAC 
with the INS8080A, a possible instruction to achieve this is a 
PUSH of a register pair onto a “stack” in memory. The 16- 
bit register pair word will contain the 10 bits of the eventual 
DAC input data in the proper sequence to conform to both 



NOTE: DOUBLE BYTE STORES CAN BE USED, 
e.g. THE INSTRUCTION SHLD F001 STORES THE L 
REG INTO B1 AND THE H REG INTO B2 AND 
TRANSFERS THE RESULT TO THE DAC REGISTER. 
THE OPERAND OF THE SHLD INSTRUCTION MUST 
BE AN ODD ADDRESS FOR PROPER TRANSFER. 


TL/H/5688-24 


FIGURE 21. Interfacing the DAC1000 to the INS8080A CPU Group 
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the requirements of the DAC (with regard to right or left 
justified data) and the implementation of the PUSH instruc- 
tion which will output the higher order byte of the register 
pair (i.e., register B of the BC pair) first. The DAC will actual- 
ly appear as a two-byte “stack” in memory to the CPU. The 
auto-decrementing of the stack pointer during a PUSH al- 
lows u sing addre ss bit 0 of the stack pointer as the Bytel / 
Byte2 and XFER strobes if bit 0 of the stack pointer address 
-1, (SP-1), is a “1” as presented to the DAC. Additional 
address decoding by the DM8131 will generate a unique 
DAC chip select (CS) and synchronize this CS to the two 
memory write strobes of the PUSH instruction. 

To reset the stack pointer so new data may be output to the 
same DAC, a POP instruction followed by instructions to 
insure that proper data is in the DAC data register pair be- 
fore it is “PUSHED” to the DAC should be executed, as the 
POP instruction will arbitrarily alter the contents of a register 
pair. 

Another double byte write instruction is Store H and L Direct 
(SHLD), where the HL register pair would temporarily con- 
tain the DAC data and the two sequential addresses for the 
DAC are specified by the instruction op code. The auto in- 
crementing of the DAC address by the SHLD instruction 
permits the same simple scheme of using address bit 0 to 
generate the byte number and transfer strobes. 

7.2 DAC 1000 to MC6820/1 PIA Interface 

In Figure 22 the DAC1000 is interfaced to an M6800 system 
through an MC6820/1 Peripheral Interface Adapter (PIA). In 
this case the CS pin of the DAC is grounded since the PIA is 
already mapped in the 6800 system memory space and no 
decoding is necessary. Furthermore, by using both Ports A 
and B of the PIA the 10-bit data transfer, assumed right 
justified again in two 8-bit bytes, is greatly simplified. The 
HIGH byte is loaded into Output Register A (ORA) of the 


PIA, and the LOW byte is loaded into ORB. The 10-bit data 
transfer to the DAC and the corresponding analog output 
change occur simultaneously upon CB2 going LOW under 
program control. The 10-bit data word in the DAC register 
will be latched (and hence Vout will be fixed) when CB2 is 
brought back HIGH. 

If both output ports of the PIA are not available, it is possible 
to interface the DAC1000 through a single port without 
much effort. However, additional logic at the CB2(or CA2) 
lines or access to some of the 6800 system control lines will 
be required. 

7.3 Noise Considerations 

A typical digital/microprocessor bus environment is a tre- 
mendous potential source of high frequency noise which 
can be coupled to sensitive analog circuitry. The fast edges 
of the data and address bus signals generate frequency 
components of 10’s of megahertz and can cause noise 
spikes to appear at the DAC output. These noise spikes 
occur when the data bus changes state or when data is 
transferred between the latches of the device. 

In low frequency or DC applications, low pass filtering can 
reduce these noise spikes. This is accomplished by over- 
compensating the DAC output amplifier by increasing the 
value of the feedback capacitor (Cq in Figure 3). 

In applications requiring a fast transient response from the 
DAC and op amp, filtering may not be feasible. Adding a 
latch, DM74LS374, as shown in Figure 23 isolates the de- 
vice from the data bus, thus eliminating noise spikes that 
occur every time the data bus changes state. Another meth- 
od for eliminating noise spikes is to add a sample and hold 
after the DAC op amp. This also has the advantage of elimi- 
nating noise spikes when changing digital codes. 



+ 15V 

FIGURE 22. DAC 1000 to MC6820/1 PIA Interface 


TL/H/5688-25 
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DAC1000/DAC1001/DAC1002/DAC1006/DAC1007/DAC1008 



FIGURE 23. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 


MSB LSB 



FIGURE 24. Digitally Controlled Amplifier/ Attenuator 


7.4 Digitally Controlled Amplifier/ Attenuator 

An unusual application of the DAC, Figure 24, applies the 
input voltage via the on-chip feedback resistor. The lower 
op amp automatically adjusts the Vref in voltage such that 
Iquti is equal to the input current (V^/Rfe). The magnitude 
of this Vref in voltage depends on the digital word which is 
in the DAC register. IquT2 then depends upon both the 
magnitude of V|n and the digital word. The second op amp 
converts louT2 to a voltage, Vout. which is given by: 

/ 1 023 — N \ 

Vout =v In( ), where 0<N^1023. 


Note that N = 0 (or a digital code of all zeros) is not allowed 
or this will cause the output amplifier to saturate at either 
± Vmax. depending on the sign of Vin- 
To provide a digitally controlled divider, the output op amp 
can be eliminated. Ground the louT2 P in of the DAC and 
Vout is now taken from the lower op amp (which also drives 
the Vref input of the DAC). The expression for Vout is now 
given by 

Vim 

Vout = — dr where M = Digital input (expressed as a 
M fractional binary number). 

0<M<1. 
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FIGURE 25. Digital to Synchro Converter 


Ordering Information 

1. All Logic Features — 24-pin package. 



Temperature Range 


— 40°C to +85°C 

— 55°C to + 125°C 

0° to +70°C 

0.05% (10-bit) 

DAC1000LCJ 

DAC1000LJ 

DAC 1000LCN 

0.10% (9-bit) 



DAC1001LCN 

0.20% (8-bit) 

DAC1002LCJ 

DAC1002LJ 

DAC1002LCN 

Package Outline 

J24A 

J24A 

N24A 


2. For Left Justified Data — 20-pin package. 



Temperature Range 


— 40°C to +85°C 

— 55°C to + 1 25°C 

0° to +70°C 

0.05% (10-bit) 

DAC1 006LCJ 

DAC1006LJ 

DAC1006LCN 

0.10% (9-bit) 



DAC1007LCN 

0.20% (8-bit) 

DAC1008LCJ 

DAC1008LJ 

DAC1008LCN 

Package Outline 

J20A 

J20A 

N20A 
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D AC1 020/D AC 1 02 1 /D AC 1 022/D AC 1 220/D AC 1221 /D AC1 222 



National 

Semiconductor 

Corporation 


DAC1020, DAC1021, DAC1022 10-Bit Binary Multiplying 
D/A Converter DAC1220, DAC1221, DAC1222 12-Bit 
Binary Multiplying D/A Converter 


General Description 

The DAC1020 and the DAC1220 are, respectively, 10 and 
12-bit binary multiplying digital-to-analog converters. A de- 
posited thin film R-2R resistor ladder divides the reference 
current and provides the circuit with excellent temperature 
tracking characteristics (0.0002% /°C linearity error temper- 
ature coefficient maximum). The circuit uses CMOS current 
switches and drive circuitry to achieve low power consump- 
tion (30 mW max) and low output leakages (200 nA max). 
The digital inputs are compatible with DTL/TTL logic levels 
as well as full CMOS logic level swings. This part, combined 
with an external amplifier and voltage reference, can be 
used as a standard D/A converter; however, it is also very 
attractive for multiplying applications (such as digitally con- 
trolled gain blocks) since its linearity error is essentially in- 
dependent of the voltage reference. All inputs are protected 
from damage due to static discharge by diode clamps to V+ 
and ground. 

This part is available with 10-bit (0.05%), 9-bit (0.10%), and 
8-bit (0.20%) non-linearity guaranteed over temperature 


(note 1 of electrical characteristics). The DAC1020, 
DAC1021 and DAC1022 are direct replacements for the 10- 
bit resolution AD7520 and AD7530 and equivalent to the 
AD753,3 family. The DAC1220, DAC1221 and DAC1222 are 
direct Replacements for the 12-bit resolution AD7521 and 
AD7531 family. 

Features 

■ Linearity specified with zero and full-scale adjust only 

■ Non-linearity guaranteed over temperature 

■ Integrated thin film on CMOS structure 

■ 10-bit or 12-bit resolution 

■ Low power dissipation 10 mW @15V typ 

■ Accepts variable or fixed reference -25 V^Vref^25V 

■ 4-quadrant multiplying capability 

■ Interfaces directly with DTL, TTL and CMOS 

■ Fast settling time— 500 ns typ 

■ Low feedthrough error— y 2 LSB @100 kHz typ 


Equivalent Circuit 


Note. Switches shown in digital high state t - MT INCLU0E0 F0R „ 

I 



OlouT* 

OIquT 1 


6 i A A A A I A A 


A5 A6 


All A12 


r FEEDBACK 

TL/H/5689-1 


Ordering Information 


10-BIT D/A CONVERTERS 


Temperature Range 

0°C to 70°C 

-40°C to + 85°C 

— 55°C to + 125°C 

Non- 

Linearity 

0.05% 

DAC1020LCN 

AD7520LN,AD7530LN 

DAC1020LCJ 

AD7520LD.AD7530LD 

DAC1020LJ 

AD7520UD 

0.10% 

DAC1021LCN 

AD7520KN.AD7530KN 

DAC1021LCJ 

AD7520KD.AD7530KD 

DAC1021LJ 

AD7520TD 

0.20% 

DAC1022LCN 

AD7520JN.AD7530JN 

DAC1022LCJ 

AD7&20JD.AD7530JD 

DAC1022LJ 

AD7520SD 

Package Outline 

N16A 

J16A 

J16A 


12-BIT D/A CONVERTERS 


Temperature Range 

0°C to 70°C 

- i 40°C to +85°C 

— 55°C tp + 125°C | 

Non- 

Linearity 

0.05% 

DAC1220LCN 

AD7521 LN.AD7531 LN 

DAC1220LCJ 

AD7521 LD.AD7531 LD 

DAC1220LJ 

AD7521UD 

0.10% 

DAC1221LCN 

AD7521 KN.AD7531 KN 





0.20% 

DAC1222LCN 

AD7521 JN.AD7531 JN 

DAC1222LCJ 

AD7521 JD.AD7531 JD 

DAC1222LJ 

AD7521SD 

Package Outline 

N18A 

J18A 

J18A 


Note. Devices may be ordered by either part number. 
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Absolute Maximum Ratings (Notes) Operating Ratings 

If Military/Aerospace specified devices are required, Min Max Units 

contact the National Semiconductor Sales Office/ Temperature (Ta) 

Distributors for availability and specifications. DAC1020LJ, DAC1021LJ -55 +125 °C 

V+toGnd 17V DAC1022LJ, DAC1220LJ -55 +125 °C 

Vref to Gnd i 25V DAC1222LJ 55 +125 °C 

Digital Input Voltage Range V+toGnd DAC1020LCJ, DAC1021LCJ —40 +85 °C 

DC Voltage at Pin 1 or Pin 2 (Note 3) -100mVtoV+ DAC1022LCJ, DAC1220LCJ -40 +85 °C 

Storage Temperature Range -65°C to + 150°C DAC1222LCJ -40 +85 °C 

, J 1 , . , DAC1020LCN, DAC1021LCN 0 +70 °C 

2,0-C DAC1022LCN, DAC1220LCN . + 70 -C 

Dual-ln-Line Package (ceramic) 300'C OAC1221LCN, DAC1222LCN 0 +70 '0 

ESD Susceptibility (Note 4) 800V 

Electrical Characteristics (v+ = isv, v REF = io.ooov,t a = 25°c unless otherwise specified) 

Parameter 

Conditions 

DAC1020, DAC1021, 
DAC1022 

DAC1220, DAC1221, 
DAC1222 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Resolution 


Bfli 



ra 



ioii 

Linearity Error 

1 0-Bit Parts 

9-Bit Parts 

8-Bit Parts 

Tmin < Ta<Tmax. 

-10V<Vref< + 10V, 

(Note 1) End Point Adjustment Only 
(See Linearity Error in Definition of Terms) 
DAC1020, DAC1220 

DAC1021, DAC1221 

DAC1022, DAC1222 



0.05 

0.10 

0.20 



0.05 

0.10 

0.20 

% FSR 
% FSR 

% FSR 

Linearity Error Tempco 

-10V^Vr E f ^ + 10V, 

(Notes 1 and 2) 



0.0002 


■ 

0.0002 

% FS/°C 

Full-Scale Error 

-IOV^Vref^ + IOV, 

(Notes 1 and 2) 


0.3 

1.0 


0.3 

1.0 

% FS 

Full-Scale Error Tertlpco 

Tmin<Ta<Tmax. 

(Note 2) 



0.001 



0.001 

% FS/°C 

Output Leakage Current 
Iouti 

IOUT2 

Tmin^Ta^TmaX 

All Digital Inputs Low 

All Digital Inputs High 



200 

200 



200 

200 

nA 

nA 

Power Supply Sensitivity 

All Digital Inputs High, 

14V^V+^16V, (Note 2), 

(Figure 2) 





0.005 


% FS /V 

Vref Input Resistance 


10 


20 

B3 



kn 

Full-Scale Current Settling 
Time 

R l = 100H from 0 to 99. 95% 

FS 

All Digital Inputs Switched 

Simultaneously 


500 



500 


ns 

Vref Feedthrough 

All Digital Inputs Low, 

Vr EF = 20 Vp-p @100 kHz 

J Package (Note 4) 

N Package 


6 

2 

10 

9 

5 

1 

6 

2 

10 

9 

5 

mVp-p 

mVp-p 

mVp-p 

Output Capacitance 

Iouti 

|QUT2 

All Digital Inputs Low 

All Digital Inputs High 

All Digital Inputs Low 

All Digital Inputs High 


40 

200 

200 

40 



40 

200 

200 

40 


pF 

PF 

PF 

pF 
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Electrical Characteristics (V+ = 15V, V R ef = 10.000V, Ta = 25°C unless otherwise specified) (Continued) 







Parameter 

Conditions 





Units 




Typ 



Typ 

Max 


Digital Input 


■ 1 







Low Threshold 

Tmin < Ta<Tmax 

1 


0.8 




V 

High Threshold 

Tmin < Ta<Tmax 




2.4 



V 

Digital Input Current 

Tmin^Ta^Tmax 

Digital Input High 


1 

100 


1 


fiA 


Digital Input Low 


-50 

-200 


-50 


fJL A 

Supply Current 

All Digital Inputs High 



■El 




mA 


All Digital Inputs Low 



■ 



mBm 

mA 

Operating Power Supply 
Range 

(Figures 1 and 2) 

5 





15 

V 


Note 1: Vref = ±10V and Vref= ±1V. a linearity error temperature coefficient of 0.0002% FS for a 45°C rise only guarantees 0.009% maximum change in 
linearity error. For instance, if the linearity error at 25°C is 0.045% FS it could increase to 0.054% at 70°C and the DAC will be no longer a 10-bit part. Note, 
however, that the linearity error is specified over the device full temperature range which is a more stringent specification since it includes the linearity error 
temperature coefficient. 

Note 2: Using internal feedback resistor as shown in Figure 3. 

Note 3: Both Iqut i and Iout 2 must go to ground or the virtual ground of an operational amplifier. If Vref= 10V, every millivolt offset between Iout 1 or Iout 2. 
0.005% linearity error will be introduced. 

Note 4: Human body model, 100 pF discharged through a 1.5 kn resistor. 

Note 5: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 6: The maximum power dissipation must be derated at elevated temperatures and is dictated by Tjmax. 0ja> ar >d the ambient temepature, Ta- The maximum 
allowable power dissipation at any temperature is Pp = (Tjmax _ Ta)/0ja or the number given in the Absolute Maximum Ratings, whichever is lower. For this 
device, Tjmax = 125°C, and the typical junction-to-ambient thermal resistance of the J18 package when board mounted is 85°C/W. For the J16 package, this 
number increases to 90°C/W, for the N18 package, 0ja is 120°C/W, and for the N16 this number is 125°C/W. 


Typical Performance Characteristics 



0 20 40 60 80 

T A - TEMPERATURE (°C) 

FIGURE 1. Digital Input Threshold vs 
Ambient Temperature 



5.0 10.0 15.0 

V + (VOLTS) 

TL/H/5689-2 

FIGURE 2. Gain Error Variation vs V+ 
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Typical Applications 


The following applications are also valid for 1 2-bit systems 
using the DAC1220 and 2 additional digital inputs. 

Operational Amplifier Bias Current {Figure 3) 

The op amp bias current, lb, flows through the 1 5k internal 
feedback resistor. BI-FET op amps have low ^ and, there- 
fore, the 15k x lb error they introduce is negligible; they are 
strongly recommended for the DAC1 020 applications. 

Vqs Considerations 

The output impedance, Rout, of the DAC is modulated by 
the digital input code which causes a modulation of the op- 
erational amplifier output offset. It is therefore recommend- 
ed to adjust the op amp Vqs- Rout is ~ 1 5k if more than 4 
digital inputs are high; Rout is ~45k if a single digital input 
is high, and Rout approaches infinity if all inputs are low. 


Operational Amplifier Vqs Adjust {Figure 3) 

Connect all digital inputs, A1 -A10, to ground and adjust the 
potentiometer to bring the op amp Vout pin to within ± 1 
mV from ground potential. If Vref is lass than 10V, a finer 
Vqs adjustment is required. It is helpful to increase the reso- 
lution of the Vos adjust procedure by connecting a 1 kft 
resistor between the inverting input of the op amp to 
ground. After Vos has been adjusted, remove the 1 kft. 

Full-Scale Adjust {Figure 4) 

Switch high all the digital inputs, A1-A10, and measure the 
op amp output voltage. Use a 500ft potentiometer, as 
shown, to bring ||VoutII to a voltage equal to V REF X 
1023/1024. 


SELECTING AND COMPENSATING THE OPERATIONAL AMPLIFIER 
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Typical Applications (Continued) 

MSB LSB 



FIGURE 4. Full-Scale Adjust 


MSB LSB 



FIGURE 5. Alternate Full-Scale Adjust: (Allows Increasing or Decreasing the Gain) 


DIGITAL WORD A 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 AB A9 AID 



where Vref can be an AC signal 


TL/H/5689-4 


FIGURE 6. Precision Analog-to-Digital Multiplier 
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Typical Applications (Continued) 



COMPLEMENTARY OFFSET BINARY 
(BIPOLAR) OPERATION 


DIGITAL INPUT 

VOUT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

+ Vref 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Vref x 1022/1024 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Vref x 2/1024 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

-Vref X 2/1024 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

-Vref (1022/1024) 


Note that: 

• Iquti + IQUT2 : 


VrEF x ( 1023 A 
Rladder Vi 024/ 


where: AN = + 1 if An input is high 
AN = - 1 if An input is low 


FIGURE 7. Bipolar 4-Quadrant 

Operational Amplifiers Vqs Adjust {Figure 7) 

a) Switch all the digital inputs high; adjust the Vqs potenti- 
ometer of op amp B to bring its output to a value equal 
to— (Vref/1024) (V). 

Switch the MSB high and the remaining digital inputs 
low. Adjust the Vos potentiometer of op amp A, to bring 
its output value to within a 1 mV from ground potential. 

For Vref < 10V, a finer adjust is necessary, as already 
mentioned in the previous application. 


• By doubling the output range we get half the 
resolution 

• The 10M resistor, adds a 1 LSB “thump”, to 
allow full offset binary operation where the out- 
put reaches zero for the half-scale code. If 
symmetrical output excursions are required, 
omit the 10M resistor. 

Multiplying Configuration 
Gain Adjust (Full-Scale Adjust) 

Assuming that the external 10k resistors are matched to 
better than 0.1 %, the gain adjust of the circuit is the same 
with the one previously discussed. 


b) 



A1 A2 A3 A4 AS A6 A7 A8 A9 A10 


TRUE OFFSET BINARY OPERATION 


DIGITAL INPUT 

v OUT 

1111111111 

1000000000 

0000000000 

Vref X 1022/1024 

0 

-Vref 



t s = 1.8 fis 

use LM336 for a voltage reference 


FIGURE 8. Bipolar Configuration with a Single Op Amp 


R3 + R1||R2 = R ; Av-= V °“ 7' PEAK) .R = 20k 
VREF 

• Example: Vref = 2V, v OUT (swing) = ±10V: Ay~ = 5V 
Then R4 = 9R, R1 = 0.8 R2. If R1 = 0.2R then R2 = 0.25R, 
R3 = 0.64R 

FIGURE 9. Bipolar Configuration with 
Increased Output Swing 
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Typical Applications (Continued) 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



\ 2 + 4 8 + 1024/ 

where: Vref can be an AC signal 

• By connecting the DAC in the feedback loop of an opera- 
tional amplifier a linear digitally control gain block can be 
realized 

• Note that with all , digital inputs low, the gain of the amplifier 
is infinity, that is, the op amp will saturate. In other words, we 
cannot divide the Vref by zero! 

FIGURE 10. Analog-to-Digital Divider (or Digitally Gain Controlled Amplifier) 


MSB LSB 

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 



TL/H/5689-7 


Vout = Vref 


A2 A1£ 

2 + 4 + + -1024 


A1 A2 
L2 + 4 + ' 


A10 

’ 1024 J 


or Vqut = V REF 


^ 1023 - N j 


where: 0 £ N £ 1023 


N = 0 for An = all zeros 
N = 1 for A10 = 1, A1-A9 = 0 


N = 1023 for A n = all 1’s 

FIGURE 11. Digitally controlled Amplifier-Attenuator 
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Typical Applications (Continued) 



• Output voltage range = OV - 1 0V peak 

• THD < 0.2% 

• Excellent amplitude and frequency stability with temperature 

• Low pass filter shown has a 1 kHz corner (for output frequencies below 10 Hz, 
filter corner should be reduced) 

• Any periodic function can be implemented by modifying the contents of the look 
up table ROM 

• No start up problems 

FIGURE 12. Precision Low Frequency Sine Wave Oscillator Using Sine Look-Up ROM 
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Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the D/A output. It is directly 
related to the number of switches or bits within the D/A. For 
example, the DAC1020 has 2 10 or 1024 steps while the 
DAC1220 has 2 12 or 4096 steps. Therefore, the DAC1020 
has 10-bit resolution, while the DAC1220 has 12-bit resolu- 
tion. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
D/A transfer characteristic. It is measured after calibrating 
for zero (see Vqs adjust in typical applications) and full- 
scale. Linearity error is a design parameter intrinsic to the 
device and cannot be externally adjusted. 


Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the D/A 
full-scale output. 

Settling Time: Full-scale settling time requires a zero to full- 
scale or full-scale to zero output change. Settling time is the 
time required from a code transition until the D/A output 
reaches within ± y 2 LSB of final output value. 

Full-Scale Error: Full-scale error is a measure of the output 
error between an ideal D/A and the actual device output. 
Ideally, for the DAC1020 full-scale is Vr E f _ 1 LSB. For 
V REF = 10V and unipolar operation, V E ull- 
SCALE = 10.0000V— 9.8 mV = 9.9902V. Full-scale error is 
adjustable to zero as shown in Figure 5. 




bl 



(a) End point test after zero and full-scale adjust. 
The DAC has 1 LSB linearity error. 


(b) By shifting the full-scale calibration on of the DAC of 
Figure (bl) we could pass the “best straight line” (b2) 
test and meet the ± y 2 linearity error specification. 


Note, (a), (bl) and (b£) above illustrate the difference between “end point” National’s linearity test (a) and “best straight line” test. Note that both devices in (a) and 
(b2) meet the ±y 2 LSB linearity error specification but the end point test is a more “real life” way of characterizing the DAC. 


Connection Diagrams 


DAC102X 

Dual-In-Line Package 


DAC122X 

Dual-In-Line Package 




TL/H/5689-11 
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National 

Semiconductor 

Corporation 


M ICRO-D AC™ DAC 1 208, DAC1209, DAC1210, DAC1230, 
DAC1231, DAC1232 12-Bit, jtxP Compatible, 
Double-Buffered D to A Converters 


General Description 

The DAC1208 and the DAC1230 series are 1 2-bit multiply- 
ing D to A converters designed to interface directly with a 
wide variety of microprocessors (8080, 8048, 8085, Z-80, 
etc.). Double buffering input registers and associated con- 
trol lines allow these DACs to appear as a two-byte “stack” 
in the system’s memory or I/O space with no additional in- 
terfacing logic required. 

The DAC1208 series provides all 12 input lines to allow sin- 
gle buffering for maximum throughput when used with 1 6-bit 
processors. These input lines can also be externally config- 
ured to permit an 8-bit data interface. The DAC1230 series 
can be used with an 8-bit data bus directly as it internally 
formulates the 12-bit DAC data from its 8 input lines. All of 
these DACs accept left-justified data from the processor. 
The analog section is a precision silicon-chromium (Si-Cr) 
R-2R ladder network and twelve CMOS current switches. 
An inverted R-2R ladder structure is used with the binary 
weighted currents switched between the Iouti and louT2 
maintaining a constant current in each ladder leg indepen- 
dent of the switch state. Special circuitry provides TTL logic 
input voltage level compatibility. 

The DAC1208 series and DAC1230 series are the 12-bit 
members of a family of microprocessor compatible DACs 
(MICRO-DACstm). For applications requiring other resolu- 
tions, the DAC1000 series for 10-bit and DAC0830 series 
for 8-bit are available alternatives. 


Features 

■ Linearity specified with zero and full-scale adjust only 

■ Direct interface to all popular microprocessors 

■ Double-buffered, single-buffered or flow through digital 
data inputs 

■ Logic inputs which meet TTL voltage level specs (1 .4V 
logic threshold) 

■ Works with ± 1 0V reference — full 4-quadrant 
multiplication 

■ Operates stand-alone (without juP) if desired 

■ All parts guaranteed 12-bit monotonic 

■ DAC1230 series is pin compatible with the DAC0830 
series 8-bit MICRO-DACs 


Key Specifications 

■ Current Settling Time 1 jms 

■ Resolution 12 Bits 

■ Linearity (Guaranteed 

over temperature) 10, 11, or 12 Bits of FS 

■ GainTempco 1.3 ppm/°C 

■ Low Power Dissipation 20 mW 

■ Single Power Supply 5 Vpc to 15 Vpc 


Typical Application 



TL/H/5690-1 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Notes 1 and 2) 


Supply Voltage (V C c) 

Voltage at Any Digital Input 
Voltage at Vr E f Input 
Storage Temperature Range 
Package Dissipation at T A = 25°C 
(Note 3) 


17V DC 
Vqq to GND 
±25V 

— 65°C to + 1 50°C 
500 mW 


DC Voltage Applied to Iquh or loi)T2 
(Note 4) - 1 00 mV to Vqc 

ESD Susceptability 800V 


Operating Conditions 

Lead T emperature (Soldering, 1 0 seconds) 300°C 


Temperature Range T M in ^ T A ^ Tmax 

DAC1208LCJ, DAC1209LCJ, 

DAC1210LCJ, DAC1230LCJ, 

DAC1231LCJ, DAC1232LCJ -40°C ^ T A ^ + 85°C 
DAC1208LCJ-1, DAC1209LCJ-1, 

DAC1210LCJ-1 , DAC1230LCJ-1, 

DAC1 231 LCJ-1 , DAC1 232LCJ-1 0°C <: T A ^ + 70°C 

Range of Vqc 4.75 Vpc to 1 6 Vqc 


Voltage at Any Digital Input 


Vqq to GND 


Electrical Characteristics 

Vr EE = 10.000 Vqc, Vcc = H-4 Vqc to 15.75 Vqc unless otherwise noted. Boldface limits apply from Tmin to T MAX ( see 
Note 13); all other limits T A = Tj = 25°C. 





Typ 

(Note 10) 

Tested 

Design 


Parameter 

Conditions 

Notes 

Limit 
(Note 5) 

Limit 
(Note 6) 


Resolution 



12 

■ ■ 

12 


Linearity Error 

Zero and Full-Scale 

4, 7, 13 





(End Point Linearity) 

Adjusted 

DAC1208, D AC 1230 



0.012 

0.012 

% of FSR 


DAC1209, DAC1231 



0.024 

0.024 

% of FSR 


DAC1210, DAC1232 



0.050 

0.05 

% of FSR 

Differential Non-Linearity 

Zero and Full-Scale 

Adjusted 

DAC1208, DAC1230 

4, 7, 13 


0.018 

0.018 

% of FSR 


DAC1209, DAC1231 



0.024 

0.024 

% of FSR 


DAC1210, DAC1232 



0.050 

0.05 

% of FSR 

Monotonicity 


■OH 

12 

12 

12 

Bits 

Gain Error (Min) 

Using Internal R E b 

7 

-0.1 

0.0 


% of FSR 

Gain Error (Max) 

V re f = ± 1 0V, ± 1 V 

7 

-0.1 

-0.2 


% of FSR 

Gain Error Tempco 


7 

±1.3 


± 6.0 

ppm of FS/°C 

Power Supply Rejection 

All Digital Inputs 

Latched High 

7 

+ 3.0 

±30 


ppm of FSR/V 

Reference Input Resistance (Min) 


13 

15 

10 

10 

ka 

Reference Input Resistance (Max) 


15 

20 

20 

Output Feedthrough Error 

Vr E f = 20 Vp-p, f = 1 00 kHz 
All Data Inputs Latched 

Low 

9 

3.0 



mVp-p 

Output Capacitance 

All Data Inputs loun 




200 

PF 


Latched High I 0 UT 2 




70 

PF 


All Data Inputs Iouti 




70 

PF 


Latched Low loUT2 




200 

PF 

Supply Current Drain 


13 


2.0 

2.5 

mA 

Output Leakage Current 





mm 


•OUTI 

All Data Inputs Latched 

Low 

11,13 



§*£ 

nA 

!0UT2 

All Data Inputs Latched 

High 

11, 13 


D 

D 

nA 

Digital Input Threshold 

Low Threshold 



0.8 

0.8 

Vdc 


High Threshold 



2.2 

2.2 

V DC 

Digital Input Currents 

Digital Inputs <0.8V 

13 


-200 




Digital Inputs >2.2V 

13 


io 
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Symbol 

Parameter 

Conditions 

See 

Note 

Typ 

(Note 10) 

Tested 
Limit 
(Note 5) 

Design 
Limit 
(Note 6) 

Units 

AC CHARACTERISTICS 


Current Setting Time 

V| L = 0V, V| H = 5V 


1.0 



/AS 


Write and XFER 

Pulse Width Min. 

V| L = 0V, V| H = 5V 


50 




Ids 

Data Setup Time Min. 

V| L = 0V, V| H = 5V 


70 



Idh 

Data Hold Time Min. 

V| L = 0V, V, H = 5V 


30 


90 

90 


Control Setup Time Min. 

V||_ - 0V, V| H = 5V 


60 



*ch 

Control Hold Time Min. 

V,l = 0V, V|h = 5V 


0 


10 


Electrical Characteristics (Continued) 

Vref = 10.000 Vqc. Vcc = 1 1.4 Vpc to 15.75 Vqc unless otherwise noted. Boldface limits apply from Tmin to t max (see 
Note 13); all other limits Ta = Tj = 25°C. 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: Both Iquti and I 0 UT 2 m ust go to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately Vqs^ Vref- For 
example, if Vref = 10V then a 1 mV offset, Vos. on touTi or louT 2 will introduce an additional 0.01% linearity error. 

Note 5: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 6: Design limits are guaranteed but not 100% tested. These limits are not used to calculate outgoing quality levels. Guaranteed for Vcc = 11 -4V to 15.75V 
and V REF = -10V to + 10V. 

Note 7: The unit FSR stands for full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
V REF value to indicate the true performance of the part. The Linearity Error specification of the DAC1208 is 0.012% of FSR(max). This guarantees that after 
performing a zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% x Vref of a straight line which passes through 
zero and full-scale. The unit ppm of FSR(parts per million of full-scale range) and ppm of FS(parts per million of full-scale) are used for convenience to define specs 
of very small percentage values, typical of higher accuracy converters. In this instance, 1 ppm of FSR = Vref/ 10 6 is the conversion factor to provide an actual 
output voltage quantity. For example, the gain error tempco spec of ±6 ppm of FS/°C represents a worst-case full-scale gain error change with temperature from 
— 40°C to + 85°C of ±(6)(Vref/10 6 )(125°C) or ±0.75 (10~3) Vref which is ±0.075% of Vref- 

Note 8: This spec implies that all parts are guaranteed to operate with a write pulse or transfer pulse width (tw) of 320 ns. A typical part will operate with tw of only 
100 ns. The entire write pulse must occur within the valid data interval for the specified tw, tos. toH and t$ to apply. 

Note 9: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mV. 

Note 10: Typicals are at 25°C and represent the most likely parametric norm. 

Note 11: A 10 nA leakage current with Rpb^SOk and Vref= 10V corresponds to a zero error of (10X10~ 9 X20X10 3 )X100% 10V or 0.002% of FS. 

Note 12: Human body model, 100 pF discharged through a 1.5 kfl resistor. 

Note 13: Tested limit for -1 suffix parts applies only at 25°C. 


Connection Diagrams 

DuaMn-Line Package 


Dual-ln-Line Package 




See Ordering Information 
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Switching Waveforms 



TL/H/5690-3 


Typical Performance Characteristics 


Digital Input Threshold 
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Definition of Package Pinouts 

CONTROL SIGNALS (all control signals are level actuated) 
CS: Chip Select (active low). The CS will enable WR1. 
WR1: Write 1 . The active low WR1 is used to load the digital 
data bits (Dl) int o the input latch. The data in the input latch 
is latched when WR1 is high. The 12-bit input latch is split 
into two latches. One h olds the first 8 bits, while the other 
holds 4 bits. The Byte 1 / B yte 2 co ntrol pin is used to select 
both latches when Byte 1 /Byte 2 is high or to overwrite the 
4-bit input latch when in the low state. 

Byte 1/Byte 2: Byte Sequence Control. When this control is 
high, all 12 locations of the input latch are enabled. When 
low, only the four least significant locations of the input latch 
are enabled. 

WR2: Write 2 (active low). The WR2 will enable XFER. 
XFER: Transfer C ontro l Signal (active low). This signal, in 
combination with WR2, causes the 12-bit data which is 
available in the input latches to transfer to the DAC register. 
Dio to Dili: Digital Inputs. Dio is the least significant digital 
input (LSB) and Din is the most significant digital input 
(MSB). 

•outi : DAC Current Output 1 . Iouti is a maximum for a 
digital code of all Is in the DAC register, and is zero for all 
Os in the DAC register. 

loUT2 : DAC Current Output 2. louT2 is a constant minus 
Iouti. or Iouti + ioUT2 = constant (for a fixed reference 
voltage). This constant current is 

VrefX ( 1- ^) 

divided by the reference input resistance. 

Rptv Feedback Resistor. The feedback resistor is provided 
on the 1C chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 
(not an external resistor) since it matches the resistors in 
the on-chip R-2R ladder and tracks these resistors over 
temperature. 

Vref : Reference Voltage Input. This input connects an ex- 
ternal precision voltage source to the internal R-2R ladder. 
Vref can be selected over the range of 10V to - 10V. This 
is also the analog voltage input for a 4-quadrant multiplying 
DAC application. 

Vcc : Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Vqc to 15 Vpc- Operation is 
optimum for 1 5 Vpc- 

GND: Pins 3 and 12 of the DAC1208, DAC1209, and 
DAC1210 must be connected to ground. Pins 3 and 10 of 



a) End Point Test After Zero 
and FS Adjust 


the DAC1230, DAC1231, and DAC1232 must be connected 
to ground. It is important that IquTi and I 0 UT 2 are at ground 
potential for current switching applications. Any difference 
of potential (Vos on these pins) will result in a linearity 
change of 

Vos 
3 Vref 

For example, if Vref = 10V and these ground pins are 9 
mV offset from louTi and lom^* * he linearity change will be 
0.03%. 

Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1208 has 2l2 t or 4096 steps and therefore 
has 1 2-bit resolution. 

Linearity Error: Linearity error is the maximum deviation 
from a straight line passing through the endpoints of the 
DAC transfer characteristic. It is measured after adjusting 
for zero and full-scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 

Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ± y 2 LSB of the final output value. 
Full-Scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1208 or DAC1230 series, full-scale is 
Vref - 1 LSB. For Vref = 10V and unipolar operation, 
Vfull-SCALE = 10.0000V— 2.44 mV=9.9976V. Full-scale 
error is adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo- 
retical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in- 
creasing digital input codes will produce an increasing ana- 
log output. 



b) Shifting FS Adjust to Pass 
Best Straight Line Test 
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Application Hints 

1.0 DIGITAL INTERFACE 

These DACs are designed to provide all of the necessary 
digital input circuitry to permit a direct interface to a wide 
variety of microprocessor systems. The timing and logic lev- 
el convention of the input control signals allow the DACs to 
be treated as a typical memory device or I/O peripheral with 
no external logic required in most systems. Essentially 
these DACs can be mapped as a two-byte stack in memory 
(or I/O space) to receive their 12 bits of input data in two 
successive 8-bit data writing sequences. The DAC1 230 se- 
ries is intended for use in systems with an 8-bit data bus. 
The DAC1208 series provides all 12 digital input lines which 
can be externally configured to be controlled from an 8-bit 
bus or can be driven directly from a 16-bit data bus. 


All of the digital inputs to these DACs contain a unique 
threshold regulator circuit to maintain TTL voltage level 
compatibility independent of the applied Vcc to the DAC. 
Any input can also be driven from higher voltage CMOS 
logic levels in non-microprocessor based systems. To pre- 
vent damage to the chip from static discharge, all unused 
digital inputs should be tied to Vcc or ground. As a trouble- 
shooting aid, if any digital input is inadvertently left floating, 
the DAC will interpret the pin as a logic “1”. 

Double buffered digital inputs allow the DAC to internally 
format the 12-bit word used to set the current switching R- 
2R ladder network (see section 2.0) from two 8-bit data 
write cycles. Figures 1 and 2 show the internal data regis- 
ters and their controlling logic circuitry. The timing diagrams 
for updating the DAC output are shown in sections 1.1, 1.2 
and 1 .3 for three possible control modes. The method used 
depends strictly upon the particular application. 



Vref 

'0UT2 

'OUTI 


RFb 


vcc 

GNO 

GND 


FIGURE 1. DAC 1208, DAC1209, DAC1210 Functional Diagram 



Vref 

*0UT2 

•OUTI 


RFb 


vcc 
' GNO 
GND 
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FIGURE 2. DAC 1230, DAC1231, DAC1232 Functional Diagram 
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Application Hints (Continued) 

1.1 Automatic Transfer 

The 12-bit DAC word is automatically transferred to the DAC register and the R-2R ladder when the second write (the 4 LSBs of 
the data) occurs. 


DATA BUS 



VALID 


> 


< 


VALID 


> 


85 \ / \ / 


BYTE 1/lYTET * 
ANDXFER 


WR1 AND WR2 


\ 


/ 


\ 


ANALOG OUTPUT 
UPDATED 


_ ANALOG OUTPUT 
LATCHED 


v -■ .... i ^ ^ 

LOAD B-BIT INPUT OVERWRITE THE 4-BIT 

LATCH (4-BIT INPUT INPUT LATCH AND TRANSFER 

LATCH ALSO CHANGED) ALL 12 BITS TO THE D/A 

TL/H/5690-7 


1.2 Independent Processor Transfer Control 

In this case a separate address is decoded to provide the XFER signal. This allows the processor to load the next required DAC 
word but not chang e the analog output until some time later, most useful for the simultaneous updating of several DACs in a 
system where their XFER lines would be tied together. 


DATA 


< 


cs \ 


VALID 



BYTE 1/BYTE 2 


\ 


/' 

Ax 


XFER 


WR1 AND WR2 


w 


\ / — 

ANALOG OUTPUT 

^ UPDATED 

\ / \ ANALOG OUTPUT 

\ / / LATCHED 


LOAD 8-BIT INPUT OVERWRITE 4-BIT TRANSFER 12-BIT DAC 

LATCH (4-BIT INPUT INPUT LATCH WORD TO THE D/A 

LATCH ALSO CHANGED) 


TL/H/5690-8 


1.3 Transfer via an External Strobe 

This method is basically the same as the previous operation except the XFER signal is provided by a device other than the 
processor. This allows the DAC to hold the code for a conditional analog output signal which will be required on demand from an 
external monitoring device (an analog voltage comparator for instance). 



v_y v_/ 


XFER 


\ 



LOAD 8-BIT INPUT OVERWRITE 4-BIT 

LATCH (4-BIT INPUT INPUT LATCH 

LATCH ALSO CHANGED) 


ANALOG OUTPUT UPDATED 
AND LATCHED 


WR2 tied to a logic low (OV) 


TL/H/5690-9 
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Application Hints (Continued) 

1.4 Left- Justified Data Format 

It is important to realize that the input registers of these 
DACs are arranged to accept a left-justified data word from 
the microprocessor with the most significant 8 bits coming 
first (Byte 1) and the lower 4 bits second. Left justification 
simply means that the binary point is assumed to be located 
to the left of the most significant bit. Figure 3 shows how the 
12 bits of DAC data should be arranged in 2 8-bit registers 
of an 8-bit processor before being written to the DAC. 


m hi ijvti: to. 

L- i n nvTC 

rii ot 1 c m 

m LU or i c m I 

1 UQ o _ n Af* n ATA - 

m 1 CD Y Y V V 1 

1 IVIdD UH 1 n 

Lao A AAAI 

L 

BYTE 1 

BYTE 2 
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X = don’t care 

FIGURE 3. Left-Justified Data Format 


1.5 16-Bit Data Bus Interface 

The DAC1208 series provides all 12 digital input lines to 
permit a direct parallel interface to a 16-bit data bus. In this 
instance, double buffering is not always necessary (unless a 
simultaneous updating of several DACs or a data transfer 
via an external strobe is desired) so the 12-bit DAC register 
can be wired to flow-through whereby its Q outputs always 
reflect the state of its D inputs. The external connections 
required and the timing diagram for this single buffered ap- 
plication are shown in Figure 4. Note that either left or right- 
justified data from the processor can be accommodated 
with a 1 6-bit data bus. 

1.6 Flow-Through Operation 

Through primarily designed to provide microprocessor inter- 
face compatibility, the MICRO-DACs can easily be config- 
ured to allow the analog output to continuously reflect the 
state of an applied digital input. This is most useful in appli- 


Interface Timing 



16-BIT 
DATA BUS 


< 


VALID 


> 


cs \ / 


mHi ANALOG OUTPUT \ 4 ANALOG OUTPUT 

UPDATED / LATCHED 

XFER and WR2 grounded; Byte 1 / Byte 2 tied to Vcc- 

FIGURE 4. 16-Bit Data Bus Interface for the DAC1208 Series 
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Application Hints (Continued) 

cations where the DAC is used in a continuous feedback 
control loop and is driven by a binary up/down counter, or in 
function generation circuits where a ROM is continuously 
providing DAC data. 

Only the DAC1208, DAC1209, DAC1210 d evic e s can have 
all 1 2 inpu ts flow-through. Si mply g rounding CS, WR1, WR2 
and XFER and tying Byte 1 /Byte 2 high allows both internal 
registers to follow the applied digital inputs (flow-through) 
and directly affect the DAC analog output. 

1.7 Address Decoding Tips 

It is possible to map the MICRO-DACs into system ROM 
space to allow more efficient use of existing address decod- 
ing hardware. The DAC in effect can share the same ad- 
dresses of any number of ROM locations. The ROM outputs 
will only be enabled by a READ of its address (gated by the 
system READ strobe) and the DAC will only accept data 
that is written to the same address (gated by the system 
WRITE strobe). 

The Byte 1 / Byte 2 control function can easily be generated 
by the processor’s least significant address bit (AO) by plac- 
ing the DAC at two consecutive address locations and utiliz- 
ing double-byte WRITE instructions which autom aticall y in- 
crement or decrement the address. The CS and XFER sig- 
nals can then be decoded from the remaining address bits. 
Care must be taken in selecting the actual address used 
for Byte 1 of the DAC to prevent a carry (as a result of 


incrementing the address for Byte 2) from propagating 
through the address word and changing any of the bits de- 
coded for CS or XFER. Figure 5 shows how to prevent this 
effect. 

The same problem can occur from a borrow when an auto- 
decremented address is used; but only if the processor’s 
address outputs are inverted before being decoded. 

1.8 Control Signal Timing 

When interfacing these MICRO-DACs to any microproces- 
sor, there are two important time relationships that must be 
considered to insure proper operation. The first is the mini- 
mum WR strobe pulse width which is specified as 320 ns for 
V C c=11-4V to 15.75V and operation over temperature, but 
typically a pulse width of only 250 ns is adequate. A second 
consideration is that the guaranteed minimum data hold 
time of 90 ns should be met or erroneous data can be 
latched. This hold time is defined as the length of time data 
must be held valid on the digital inputs after a qualified (via 
CS) WR strobe makes a low to high transition to latch the 
applied data. 

If the controlling device or system does not inherently meet 
these timing specs the DAC can be treated as a slow mem- 
ory or peripheral and utilize a technique to extend the write 
strobe. A simple extension of the write time, by adding a 
wait state, can simultaneously hold the write strobe active 
and data valid on the bus to satisfy the minimum WR pulse 
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•Starting with a 0 prevents a carry on address incrementing. 
••Used as Byte 1/Byte2 Control. 


FIGURE 5 


SYSTEM 
WRITE STROBE 




ANALOG 

OUTPUT 


Tus y DATA VALID ) 

d 

NORMAL . 

, ONE WAIT . h 

- SYSTEM DATA HOLD TIME (10 ns) 

SYSTEM | 

WRITE STROBE 

WRITE STROBE 1 
(250 ns) | 

STATE 
(250 ns) 


1 

|- DAC WR 


(OUTPUT OF 

ONE-SHOT) 1 

4- DAC 



PULSE WIDTH DATA HOLD TIME 

(350 ns) (160 ns) 
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FIGURE 6. Accommodating a High Speed System 
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Application Hints (Continued) 

width. If this does not provide a sufficient data hold time at 
the end of the write cycle, a negative edge triggered one- 
shot can be included between the system write strobe and 
the WR pin of the DAC. This is illustrated in Figure 6 for an 
exemplary system which provides a 250 ns WR strobe time 
with a data hold time of only 10 ns. 

The proper data set-up time prior to the latching edge (low 
to high transition) of the WR strobe, is insured if the WR 
pulse width is within spec and the data is valid on the bus for 
the duration of the DAC WR strobe. 

1.9 Digital Signal Feedthrough 

A typical microprocessor' is a tremendous potential source 
of high frequency noise which can be coupled to sensitive 
analog circuitry. The fast edges of the data and address bus 
signals generate frequency components of 10’s of mega- 
hertz and may cause fast transients to appear at the DAC 
output, even when data is latched internally. 

In low frequency or DC applications, low pass filtering can 
reduce the magnitude of any fast transients. This is most 


easily accomplished by over-compensating the DAC output 
amplifier by increasing the value of its feedback capacitor. 
In applications requiring a fast output response from the 
DAC and op amp, filtering may not be feasible. In this event, 
digital signals can be completely isolated from the DAC 
circuitry, by the use of a DM74LS374 latch, until a valid 
CS signal is applied to update the DAC. This is shown in 
Figure 7. 

A single TRI-STATE® data buffer such as the DM81 LS95 
can be used to isolate any number of DACs in a system. 
Figure 8 shows this isolating circuitry and decoding hard- 
ware for a multiple DAC analog output card. Pull-up resis- 
tors are used on the buffer outputs to limit the impedance at 
the DAC digital inputs when the card i s not selected. A 
unique feature of this card is that the DAC XFER strobes are 
controlled by the data bus. This allows a very flexible update 
of any combination of analog outputs via a transfer word 
which would contain a zero in the bit position assigned to 
any of the DACs required to change to a new output value. 


CS FROM 
ADDRESS 
DECODER 

_ SYSTEM 
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HIGH FOR BYTE 2 



ANALOG 
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FIGURE 7. Isolating Data Bus from DAC Circuitry to Eliminate Digital Noise Coupling 
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Application Hints (Continued) 

2.0 ANALOG APPLICATIONS 

The analog output signal for these DACs is derived from a 
conventional R-2R current switching ladder network. A de- 
tailed description of this network can be found on the 
DAC1000 series data sheet. Basically, output Iouti pro- 
vides a current directly proportional to the product of the 
applied reference voltage and the digital input word. A sec- 
ond output, louT2 W| H be a current proportional to the com- 
plement of the digital input. Specifically: 


Iouti 


v ref D . 
R 4096’ 


i - V REF v 
l0UT2 jjj— X 


4095 - D 
4096 


where D is the decimal equivalent of the applied 12-bit bina- 
ry word (ranging from 0 to 4095), Vref is the voltage ap- 
plied to the Vref terminal and R is the internal resistance of 
the R-2R ladder. R is nominally 1 5 kn. 

2.1 Obtaining a Unipolar Output Voltage 

To maintain linearity of output current with changes in the 
applied digital code, it is important that the voltages at both 
of the current output pins be as near ground potential (0 
Vdc) as possible. With Vref= + 10V every millivolt appear- 
ing at either Iquti or louT2 will cause a 0.01% linearity 
error. In most applications this output current is converted to 
a voltage by using an op amp as shown in Figure 9. 


The inverting input of the op amp is a virtual ground created 
by the feedback from its output through the internal 1 5 kn 
resistor, Rpb- All of the output current (determined by the 
digital input and the reference voltage) will flow through Rpb 
to the output of the amplifier. Two-quadrant operation can 
be obtained by reversing the polarity of Vref thus causing 
Iouti to flow into the DAC and be sourced from the output 
of the amplifier. The output voltage, in either case, is always 
equal to Iouti x ^Fb and is the opposite polarity of the ref- 
erence voltage. 

The reference can be either a stable DC voltage source or 
an AC signal anywhere in the range from -10V to +10V. 
The DAC can be thought of as a digitally controlled attenua- 
tor: the output voltage is always less than the applied refer- 
ence voltage. The Vref terminal of the device presents a 
nominal impedance of 1 5 kfi to ground to external circuitry. 
Always use the internal Rpb resistor to create an output 
voltage since this resistor matches (and tracks with temper- 
ature) the value of the resistors used to generate the output 
current (Iquti)- 

The selected op amp should have as low a value of input 
bias current as possible. The product of the bias current 
times the feedback resistance creates an output voltage er- 
ror which can be significant in low reference voltage appli- 
cations. BI-FETtm op amps are highly recommended for use 
with these DACs because of their very low input current. 


FULL-SCALE ADJUST 



4096 


for 0 <: D <; 4095 

FIGURE 9. Unipolar Output Configuration 


TL/H/5690-15 
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Application Hints (Continued) 

Transient response and settling time of the op amp are im- 
portant in fast data throughput applications. The largest sta- 
bility problem is the feedback pole created by the feedback 
resistance, Rpb. and the output capacitance of the DAC. 
This appears from the op amp output to the (-) input and 
includes the stray capacitance at this node. Addition of a 
lead capacitance, Cc in Figure 9, greatly reduces overshoot 
and ringing at the output for a step change in DAC output 
current. 

2.1.1 Zero and Full-Scale Adjustments 

For accurate conversions, the input offset voltage of the 
output amplifier must always be nulled. Amplifier offset er- 
rors create an overall degradation of DAC linearity. 

The fundamental purpose of zeroing is to make the voltage 
appearing at the DAC outputs as near 0 Vpc as possible. 
This is accomplished by shorting out Rpb. the amplifier feed- 
back resistor, and adjusting the vqs nulling potentiometer of 
the op amp until the output reads zero volts. This is done, of 
course, with an applied digital code of all zeros if loun ' s 
driving the op amp (all ones for IquT2)- The short around 
Rpb is then removed and the converter is zero adjusted. 

A unique feature of this series of DACs is that the full-scale 
or gain error is guaranteed to be negative. The gain error 
specification is a measure of how close the value of the 


internal feedback resistor, Rpb. matches the R-2R ladder 
resistors. A negative gain error indicates that Rpb is a small- 
er resistance value than it should be. To adjust this gain 
error, some resistance must always be added in series with 
Rpb- The 50H potentiometer shown is sufficient to adjust 
the worst-case gain error for these devices. 

2.2 Bipolar Output Voltage from a Fixed Reference 

The addition of a second op amp to the unipolar circuit can 
generate a bipolar output voltage from a fixed reference 
voltage. This, in effect, gives sign significance to the MSB of 
the digital input word to allow two quadrant multiplication of 
the reference voltage. The polarity of the reference can also 
be reversed to realize full 4-quadrant multiplication. This cir- 
cuit is shown in Figure 10. 

This configuration features several improvements over ex- 
isting circuits for a bipolar output shown with other multiply- 
ing DACs. Only the offset voltage of amplifier 1 affects the 
linearity of the DAC. The offset voltage error of the second 
op amp (although a constant output error) has no effect on 
linearity. In addition, this configuration offers a non-interac- 
tive positive and negative full-scale calibration procedure. 


(+FULL-SCALE 



Input Code 

MSB USB 

Ideal Vqut 

+ VrEF 

-Vref 


v ref -ilsb 

-|VrefI + 1 LSB 

1 1 0000000000 

Vref/2 

“IVrefI/2 

1 00000000000 

0 

0 

011111111111 

-1 LSB 

+ 1 LSB 

001111111111 

_Y5IE_ 1LSB 

2 

|VrEfI + 1 LSB 

2 

000000000000 

“Vref 

+ |v RE fI 


FIGURE 10. Bipolar Output Voltage Configuration 
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Application Hints (Continued) 


2.2.1 Zero and Full-Scale Adjustments 


To calibrate the bipolar output circuit, three adjustments are 
required. The first step is to set all of the digital inputs LOW 
(to force Iouti to 0) then null the Vqs of amplifier 1 by 
setting the voltage at its inverting input (pin 2) to zero volts. 
Next, with a code of all zeros still applied, adjust “-full- 
scale adjust”, the reference voltage, for Vout = ±|Vref 
ideal|. The polarity of the output voltage at this time will be 
opposite that of the applied reference. Finally, set all of the 
digital inputs HIGH and adjust “ + full-scale adjust” for 


VoUT = Vref 


2047 

2048' 


The polarity of the output will be the same as that of the 
reference voltage. 

3.0 APPLICATION IDEAS 

In this section the digital input word is represented by the 
letter D and is equal to the decimal equivalent of the 12-bit 
binary input. Hence D can be any integer value between 0 
and 4095. 


Composite Amplifier for Good DC Characteristics and Fast Output Response 



High Voltage, Power DAC 


Ik 
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Application Hints (Continued) 

High Current Controller 


5V-.50V 



TL/H/5690-18 


8-Bit Course, 4-Bit Vernier DAC 
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Ordering Information 


Part Number 

Non-Linearity 

Package 

Temperature 

Range 

DAC1208LCJ 

0.012% 

J24A Cerdip 

— 40°C to +85°C 

DAC1208LCJ-1 

0.012% 

J24A Cerdip 

0°C to +70°C 

DAC1209LCJ 

0.024% 

J24A Cerdip 

— 40°C to +85°C 

DAC1209LCJ-1 

0.024% 

J24A Cerdip 

0°C to +70°C 

DAC1210LCJ 

0.050% 

J24A Cerdip 

— 40°C to +85°C 

DAC1210LCJ-1 

0.050% 

J24A Cerdip 

0°C to +70°C 

DAC1230LCJ 

0.012% 

J20A Cerdip 

— 40°C to +85°C 

DAC1230LCJ-1 

0.012% 

J20A Cerdip 

0°C to + 70°C 

DAC1231LCJ 

0.024% 

J20A Cerdip 

— 40°Cto +85°C 

DAC1231 LCJ-1 

0.024% 

J20A Cerdip 

0°C to +70°C 

DAC1232LCJ 

0.050% 

J20A Cerdip 

— 40°C to +85°C 

DAC1232LCJ-1 

0.050% 

J20A Cerdip 

0°C to +70°C 
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National 

Semiconductor 

Corporation 


DAC1218, DAC1219 

12-Bit Binary Multiplying D/A Converter 


General Description 

The DAC1218 and the DAC1219 are 12-bit binary, 4-quad- 
rant multiplying D to A converters. The linearity, differential 
non-linearity and monotonicity specifications for these con- 
verters are all guaranteed over temperature. In addition, 
these parameters are specified with standard zero and full- 
scale adjustment procedures as opposed to the impractical 
best fit straight line guarantee. 

This level of precision is achieved though the use of an 
advanced silicon-chromium (SiCr) R-2R resistor ladder net- 
work. This type of thin-film resistor eliminates the parasitic 
diode problems associated with diffused resistors and al- 
lows the applied reference voltage to range from -25V to 
25 V, independent of the logic supply voltage. 

CMOS current switches and . drive circuitry are used to 
achieve low power consumption (20 mW typical) and mini- 
mize output leakage current errprs (10 nA maximum). 
Unique digital input circuitry maintains TTL compatible input 
threshold voltages over the full operating supply voltage 
range. 

The DAC1218 and DAC1219 are direct replacements for 
the AD7541 series, AD7521 series, and AD7531 series with 
a significant improvement in the linearity specification. In 
applications where direct interface of the D to A converter to 


a microprocessor bus is desirable, the DAC1208 and 
DAC1 230 series eliminate the need for additional interface 
logic. 

Features 

fl Linearity specified with zero and full-scale adjust only 
b Logic inputs which meet TTL voltage level specs (1.4V 
logic threshold) 

B Works with ± 1 0V reference — full 4-quadrant 
multiplication 

b All parts guaranteed 12-bit monotonic 


Key Specifications 

B Current Settling Time 
b Resolution 
b Linearity (Guaranteed 
over temperature) 
b Gain Tempco 
B Low Power Dissipation 
b Single Power Supply 


1 jus 
12 Bits 
12 Bits (DAC1218) 
11 Bits (DAC1219) 
1.5 ppm/°C 
20 mW 
5 Vqc to 15 Vqc 


Typical Application 


50ft 

FULL-SCALE 

ADJUST 


Connection Diagram 

Dual-ln-Line Package 


I ?: ; vHH|HB . I I I | I ^B 


/ A1 A2 A3 A12 \ 
V0UT=-Vref( T + T + T + -4o5ij 

where: AN = 1 if digital input is high 
AN = 0 if digital input is low 

Ordering Information 



Top View 


Temperature Range 

0°C to +70°C 

— 40°C to +85°C 

Package Outline 

Non 

0.012% 

DAC1218LCJ-1 

DAC1218LCJ 

J18A Cerdip 

Linearity 

0.024% 

DAC1219LCJ-1 

DAC1219LCJ 

J18A Cerdip 
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Absolute Maximum Ratings (Notes 1 and 2) 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage (V C c) 1 7 V DC 

Voltage at Any Digital Input Vcc to GND 

Voltage at Vref ln P ut ± 25V 

Storage T emperature Range - 65°C to + 1 50°C 

Package Dissipation at Ta = 25°C (Note 3) 500 mW 

DC Voltage Applied to Iquti or loUT2 - 1 00 mV to Vcc 
(Note 4) 

Lead Temp. (Soldering, 10 seconds) 300°C 

ESD Susceptibility (Note 1 1 ) 800V 


Electrical Characteristics 

Vref = 10.000 Vdc. Vcc = 11.4 Vdc to 15.75 Vqc unless otherwise noted. Boldface limits apply from Tmin to Tmax ( see 
Note 9); all other limits Ta = Tj = 25°C. 





Typ 

Tested 

Design 


Parameter 

Conditions 

Notes 

Limit 

Limit 

Units 




(Note 10) 

(Note 11) 

(Note 12) 

Resolution 



12 

12 

12 

Bits 

Linearity Error 

Zero and Full-Scale 

4, 5,9 





(End Point Linearity) 

Adjusted 

DAC1218 



0.012 

0.012 

% of FSR 


DAC1219 



0.024 

0.024 

% of FSR 

Differential Non-Linearity 

Zero and Full-Scale 

Adjusted 

DAC1218 

4, 5,9 


0.018 

0.018 

% of FSR 


DAC1219 



0.024 

0.024 

% of FSR 

Monotonicity 


4 

12 

12 

12 

Bits 

Gain Error (Min) 

Using Internal Rpb> 

5 

-0.1 

0.0 


% of FSR 

Gain Error (Max) 

Vref = ±10V, ±1V 

5 

-0.1 

-0.2 


% of FSR 

Gain Error Tempco 


5 

±1.3 


± 6.0 

ppm of FS/°C 

Power Supply Rejection 

All Digital Inputs High 

5 

±3.0 

±30 


ppm of FSR/V 

Reference Input Resistance 

(Min) 

9 

15 

10 

10 

kft 


(Max) 

9 

15 

20 

20 

k Cl 

Output Feedthrough Error 

Vref= 120 Vp-p, f= 100 kHz 
All Data Inputs Low 

6 

3.0 



mVp-p 

Output Capacitance 

All Data Inputs Iouti 




200 

PF 


High loUT2 




70 

PF 


All Data Inputs Iquti 




70 

PF 


Low l0UT2 




200 

PF 

Supply Current Drain 


9 


2.0 

2.5 

mA 

Output Leakage Current 


7,9 





•OUTI 

All Data Inputs Low 



10 

10 

nA 

•0UT2 

All Data Inputs High 



10 

10 

nA 

Digital Input Threshold 

Low Threshold 

9 


0.8 

0.8 

Vdc 


High Threshold 



2.2 

2.2 

Vdc 

Digital Input Currents 

Digital Inputs <0.8V 

9 


-200 

-200 



Digital Inputs >2.2V 



10 

10 


t s Current Settling Time 

Rl = 100a, Output Settled 
to 0.01 %, All Digital Inputs 
Switched Simultaneously 


1 



jmS 


Operating Conditions 

Temperature Range T M in ^ T A <£ T MA x 

DAC1218LCJ, DAC1219LCJ -40°C <: T A <; + 85°C 
DAC1 21 8LCJ-1 , DAC1 21 9LCJ-1 0°C <; T A ^ 70°C 

Range of Vcc 5V D cto16V DC 

Voltage at Any Digital Input Vcc to GND 
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Electrical Characteristics Notes 

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: All voltages are measured with respect to GND, unless otherwise specified. 

Note 3: This 500 mW specification applies for all packages. The low intrinsic power dissipation of this part (and the fact that there is no way to significantly modify 
the power dissipation) removes concern for heat sinking. 

Note 4: Both Iouti and louT2 must 9° to ground or the virtual ground of an operational amplifier. The linearity error is degraded by approximately Vqs^ Vref- For 
example, if Vref = 10V then a 1 mV offset, Vos. on l OUTi or I0UT2 will introduce an additional 0.01% linearity error. 

Note 5: The unit FSR stands for full-scale range. Linearity Error and Power Supply Rejection specs are based on this unit to eliminate dependence on a particular 
Vref value to indicate the true performance of the part. The Linearity Error specification of the DAC1 21 8 is 0.01 2% of FSR. This guarantees that after performing a 
zero and full-scale adjustment, the plot of the 4096 analog voltage outputs will each be within 0.012% x Vref of a straight line which passes through zero and full- 
scale. The unit ppm of FSR (parts per million of full-scale range) and ppm of FS (parts per million of full-scale) are used for convenience to define specs of very 
small percentage values, typical of higher accuracy converters. 1 ppm of FSR = Vref/ 10 6 is the conversion factor to provide an actual output voltage quantity. For 
example, the gain error tempco spec of ±6 ppm of FS/°C represents a worst-case full-scale gain error change with temperature from -40°C to +85°C of 
±(6)(Vref/10 6 )(125°C) or ±0.75 (10"3) V RE f which is ±0.075% of V REF . 

Note 6: To achieve this low feedthrough in the D package, the user must ground the metal lid. If the lid is left floating the feedthrough is typically 6 mV. 

Note 7: A 10 nA leakage current with Rpb = 20k and Vref=10V corresponds to a zero error of (10X10-9X20X103)X100% 10V or 0.002% of FS. 

Note 8: Human body model, 100 pF discharged through 1.5 kfl resistor. 

Note 9: Tested limit for -1 suffix parts applies only at 25°C. 

Note 10: Typicals are at 25°C and represent the most likely parametric norm. 

Note 11: Tested limits are guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 12: Design limits are guaranteed but not 100% production tested. These limits are not used to calculate outgoing quality levels. 


Typical Performance Characteristics 
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Definition of Package Pinouts 

(A1-A12): Digital Inputs. A12 is the least significant digital 
input (LSB) and A1 is the most significant digital input 
(MSB). 

*OUTi : DAC Current Output 1. Iouti is a maximum for a 
digital input of all Is, and is zero for a digital input of all Os. 
I0UT2* DAC Current Output 2. I 0 UT 2 is a constant minus 
•outi. o r Iouti + , OUT2 = constant (for a fixed reference 
voltage). 

Rfb: Feedback Resistor. The feedback resistor is provided 
on the 1C chip for use as the shunt feedback resistor for the 
external op amp which is used to provide an output voltage 
for the DAC. This on-chip resistor should always be used 
(not an external resistor) since it matches the resistors in 
the on-chip R-2R ladder and tracks these resistors over 
temperature. 

Vref: Reference Voltage Input. This input connects to an 
external precision voltage source to the internal R-2R lad- 
der. Vref ca n be selected over the range of 1 0V to - 1 0V. 
This is also the analog voltage input for a 4-quadrant multi- 
plying DAC application. 

Vcc: Digital Supply Voltage. This is the power supply pin for 
the part. Vcc can be from 5 Vqc to 15 Vpc- Operation is 
optimum for 1 5 Vcc- 

GND: Ground. This is the ground for the circuit. 

Definition of Terms 

Resolution: Resolution is defined as the reciprocal of the 
number of discrete steps in the DAC output. It is directly 
related to the number of switches or bits within the DAC. For 
example, the DAC1218 has 2 12 or 4096 steps and therefore 
has 1 2-bit resolution. 

Linearity Error: Linearity error in the maximum deviation 
from a straight line passing through the endpoints of the 


a) End point test after zero and FS adjust 



DAC transfer characteristic. It is measured after adjusting 
for zero and full scale. Linearity error is a parameter intrinsic 
to the device and cannot be externally adjusted. 

National’s linearity test (a) and the best straight line test (b) 
used by other suppliers are illustrated below. The best 
straight line (b) requires a special zero and FS adjustment 
for each part, which is almost impossible for the user to 
determine. The end point test uses a standard zero FS ad- 
justment procedure and is a much more stringent test for 
DAC linearity. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the effect of power supply changes on the DAC 
full-scale output. 

Settling Time: Full-scale current settling time requires zero 
to full-scale or full-scale to zero output change. Settling time 
is the time required from a code transition until the DAC 
output reaches within ± 1 /2 LSB of the final output value. 
Full-scale Error: Full-scale error is a measure of the output 
error between an ideal DAC and the actual device output. 
Ideally, for the DAC1218 full-scale is Vref - 1 LSB. For 
Vref = 10V and unipolar operation, Vfull- 
SCALE = 1 0.0000V — 2.44 mV = 9.9976V. Full-scale error is 
adjustable to zero. 

Differential Non-Linearity: The difference between any 
two consecutive codes in the transfer curve from the theo- 
retical 1 LSB is differential non-linearity. 

Monotonic: If the output of a DAC increases for increasing 
digital input code, then the DAC is monotonic. A 12-bit DAC 
which is monotonic to 12 bits simply means that input in- 
creasing digital input codes will produce an increasing ana- 
log output. 


b) Shifting FS adjust to pass best straight line test 
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Application Hints 

The DAC1218 and DAC1219 are pin-for-pin compatible with 
the DAC1220 series but feature 12 and 1 1-bit linearity spec- 
ifications. To preserve this degree of accuracy, care must 
be taken in the selection and adjustments of the output am- 
plifier and reference voltage. Careful PC board layout is im- 
portant, with emphasis made on compactness of compo- 
nents to prevent inadvertent noise pickup and utilization of 
single point grounding and supply distribution. 

1.0 BASIC CIRCUIT DESCRIPTION 

Figure 1 illustrates the R-2R current switching ladder net- 
work used in the DAC1218 and DAC1219. As a function of 
the logic state of each digital input, the binarily weighted 
current in each leg of the ladder is switched to either Iquti 
or louT2- The voltage potential at Iquti and | 0UT2 must be 
at zero volts to keep the current in each leg the same, inde- 
pendent of the switch state. 

The switches operate with a small voltage drop across them 
and can therefore conduct currents of either polarity. This 
permits the reference to be positive or negative, thereby 
allowing 4-quadrant multiplication by the digital input word. 
The reference can be a stable DC source or a bipolar AC 
signal within the range of ± 10V, for specified accuracy, with 
an absolute maximum range of ±25V. The reference can 
also exceed the applied Vqq of the DAC. 

The maximum output current from either Iquti or l<DUT2 is 
equal to 

VREF(max) / 4095 \ 

R \4096/ ’ 

where R is the reference input resistance (typically 15 kfi). 
A high level on any digital input steers current to Iouti and 
a low level steers current to IquT2- 


2.0 CREATING A UNIPOLAR OUTPUT VOLTAGE 
(A DIGITAL ATTENUATOR) 

To generate an output voltage and keep the potential at the 
current output terminals at 0V, an op amp current to voltage 
converter is used. As shown in Figure 2, the current from 
Iquti flows through the feedback resistor, forcing a propor- 
tional voltage at the amplifier output. The voltage at Iquti is 
held at a virtual ground potential. The feedback resistor is 
provided on the chip and should always be used as it 
matches and tracks the R value of the R-2R ladder. The 
output voltage is the opposite polarity of the applied refer- 
ence voltage. 

2.1 Amplifier Considerations 

To maintain linearity of the output voltage with changing 
digital input codes the input offset voltage of the amplifier 
must be nulled. The resistance from Iquti to ground 
(R| 0 U ti) varies non-linearly with the applied digital code 
from a minimum of R with all ones applied to the input to 
near <*> with an all zeros code. Any offset voltage between 
the amplifier inputs appears at the output with a gain of 


D 

H| outi 

Since R| 0UT1 varies with the input code, any offset will de- 
grade output linearity. (See Note 4 of Electrical Characteris- 
tics.) 

If the desired amplifier does not have offset balancing pins 
available (it could be part of a dual or quad package) the 
nulling circuit of Figure 3 can be used. The voltage at the 
non-inverting input will be set to — Vqs initially to force the 
inverting input to 0V. The common technique of summing 
current into the amplifier summing junction cannot be used 
as it directly introduces a zero code output current error. 



FIGURE 1. The R-2R Current Switching Ladder Network 
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Application Hints (Continued) 


FULL-SCALE 

ADJUST 



FIGURE 2. Unipolar Output Voltage 


TL/H/5691-5 



TL/H/5691-6 

FIGURE 3. Zeroing an Amplifier Which Does Not Have Balancing Provisions 


The selected amplifier should have as low an input bias 
current as possible since input bias current contributes to 
the current flowing through the feedback resistor. BI-FETtm 
op amps such as the LF356 or LF351 or bipolar op amps 
with super p input transistors like the LM1 1 or LM308A pro- 
duce negligible errors. 

2.2 Zero and Full-Scale Adjustments 

The fundamental purpose is to make the output voltages as 
near 0 Vdc as possible. This is accomplished in the circuit 
of Figure 2 by shorting out the amplifier feedback resist- 
ance, and adjusting the Vos nulling potentiometer of the op 
amp until the output reads zero volts. This is done, of 
course, with an applied digital input of all zeros if Iquti is 
driving the op amp (all ones for louT2)- The feedback short 
is then removed and the converter is zero adjusted. 

A unique characteristic of these DACs is that any full-scale 
or gain error is always negative. This means that for a full- 
scale input code the output voltage, if not inherently correct, 
will always be less than what it should be. This ensures that 
adding an appropriate resistance in series with the internal 
feedback resistor, Rpb. will always correct for any gain error. 
The 50H potentiometer in Figure 2 is all that is needed to 
adjust the worst case DAC gain error. 

Conversion accuracy is only as good as the applied refer- 
ence voltage, so providing a source that is stable over time 
and temperature is important. 


2.3 Output Settling Time 

The output voltage settling time for this circuit in response 
to a change of the digital input code (a full-scale change is 
the worst case) is a combination of the DAC’s output current 
settling characteristics and the settling characteristics of the 
output amplifier. The amplifier settling is further degraded by 
a feedback pole formed by the feedback resistance and the 
DAC output capacitance (which varies with the digital code). 
First order compensation for this pole is achieved by adding 
a feedback zero with capacitor Cc shown in Figure 2. 

In many applications output response time and settling is 
just as important as accuracy. It can be difficult to find a 
single op amp that combines excellent DC characteristics 
(low Vos. Vos drift a R d bias current) with fast response and 
settling time. BI-FET op amps offer a reasonable compro- 
mise of high speed and good DC characteristics. The circuit 
of Figure 4 illustrates a composite amplifier connection that 
combines the speed of a BI-FET LF351 with the excellent 
DC input characteristics of the LM1 1. If output settling time 
is not so critical, the LM1 1 can be used alone. 

Figure 5 is a settling time test circuit for the complete volt- 
age output DAC circuit. The circuit allows the settling time of 
the DAC amplifier to be measured to a resolution of 1 mV 
out of a zero to ± 10V full-scale output change on an oscil- 
loscope. Figure 6 summarizes the measured settling times 
for several output amplifiers and feedback compensation 
capacitors. 
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Application Hint (Continued) 




SETTLE 

SIGNAL 

OUT 

(TO SCOPE) 


FIGURE 5. DAC Settling Time Test Circuit 


TL/H/5691 -8 


Amplifier 

Cc 

Settling Time to 0.01% 

LM11 

20 pF 

30 jus 

LF351 

15 pF 

8 jULS 

LF351 

30 pF 

5 jus 

Composite 

LM1 1-LF351 

20 pF 

8 jlis 

LF356 

15 pF 

6 jus 


FIGURE 6. Some Measured Settling Times 
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Application Hints (Continued) 

3.0 OBTAINING A BIPOLAR OUTPUT VOLTAGE 
FROM A FIXED REFERENCE 

The addition of a second op amp to the circuit of Figure 2 
can generate a bipolar output voltage from a fixed reference 
voltage {Figure 7). This, in effect gives sign significance to 
the MSB of the digital input word to allow two quadrant mul- 
tiplication of the reference voltage. The polarity of the refer- 
ence voltage can also be reversed to realize full 4-quadrant 
multiplication. 

The output responds in accordance to the following expres- 
sion: 

(D - 2048 \ 

Vo = Vref J. 0 s D <; 4095 


where D is the decimal equivalent of the true binary input 
word. This configuration inherently accepts a code (half- 
scale or D = 2048) to provide 0V out without requiring an 
external y z LSB offset as needed by other bipolar multiply- 
ing DAC circuits. 

Only the offset voltage of amplifier A1 need be nulled to 
preserve linearity. The gain setting resistors around A2 must 
match and track each other. A thin film, 4-resistor network 
available from Beckman Instruments, Inc. (part no. 694-3- 
R10K-D) is ideally suited for this application. Two of the four 
resistors can be paralleled to form R and the other two can 
be used separately as the resistors labeled 2R. 

Operation is summarized in the table below: 


Applied 
Digital Input 


Decimal 

Equivalent 



Where 1 LSB = 


■•■FULL-SCALE 

ADJUST 


±V REF 

-FULL-SCALE 

ADJUST 


*0.1% matching 



FIGURE 7. Obtaining a Bipolar Output from a Fixed Reference 
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Application Hints (Continued) 

3.1 Zero and Full-Scale Adjustments 

The three adjustments needed for this circuit are shown in 
Figure 7. The first step is to set all of the digital inputs LOW 
(to force Iqliti to 0) and then trim “zero adjust” for zero 
volts at the inverting input (pin 2) of OA1. Next, with a code 
of all zeros still applied, adjust full-scale adjust”, the refer- 
ence voltage, for Vqut = ± |(ideal Vref)I- The sign of the 
output voltage will be opposite that of the applied reference. 
Finally, set all of the digital inputs HIGH and adjust “+ full- 
scale adjust” for Vout = Vref (511/512). The sign of the 
output at this time will be the same as that of the reference 
voltage. This + full-scale adjustment scheme takes into ac- 
count the effects of the Vqs of amplifier A2 (as long as this 
offset is less than 0.1 % of Vref) and any gain errors due to 
external resistor mismatch. 


4.0 MISCELLANEOUS APPLICATION HINTS 

The devices are CMOS products and reasonable care 
should be exercised in handling them to prevent catastroph- 
ic failures due to electrostatic discharge. 

During power-up supply voltage sequencing, the negative 
supply of the output amplifier may appear first. This will typi- 
cally cause the output of the op amp to bias near the nega- 
tive supply potential. No harm is done to the DAC, however, 
as the on-chip 15 kH feedback resistor sufficiently limits the 
current flow from Iouti when this lead is clamped to one 
diode drop below ground. 

As a general rule, any unused digital inputs should be tied 
high or low as required by the application. As a trouble- 
shooting aid, if any digital input is left floating, the DAC will 
interpret that input as a logical 1 level. 


Additional Application Ideas 

For the circuits shown, D represents the decimal equivalent of the binary digital input code. D ranges from 0 (for an all zeros 
input code) to 4095 (for an all ones input code) and for any code can be determined from: 

D = 2048(A1) + 1 024(A2) + 512(A2) + ...2(A11) + 1(A12) 
where AN = 1 if that input is high 
AN = 0 if that input is low 


DAC Controlled Amplifier 



TL/H/5691-10 


4 
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Additional Application Ideas (Continued) 

DAC Controlled Function Generator 


15V 



Digitally Programmable Pulse-Width Generator 
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National 

Semiconductor 

Corporation 


DAC1265A, DAC1265 Hi-Speed 12-Bit D/A Converter 
with Reference 


General Description 

The DAC1265A and DAC1265 are fast 12-bit digital to ana- 
log converters with internal voltage reference. These DACs 
use 12 precision high speed bipolar current steering 
switches, control amplifier, thin film resistor network, and 
buried zener voltage reference to obtain a high accuracy, 
very fast analog output current. The DAC1265A and 
D AC 1265 have 10%-90% full-scale transition time under 
35 ns and settle to less than y 2 LSB in 200 ns. The buried 
zener reference has long-term stability and temperature drift 
characteristics comparable to the best discrete or separate 
1C references. 

These digital to analog converters are recommended for 
applications in CRT displays, precision instruments and data 
acquisition systems requiring throughput rates as high as 5 
MHz for full range transitions. 


Features 

■ Bipolar current output DAC and voltage reference 

■ Fully differential, non-saturating precision current switch 
— r OUT and Cout do not change with digital input 
code. 

■ Internal buried zener reference — 10V±1% max 

■ Precision thin film resistors for use with external op 
amp for voltage out or as input resistors for a succes- 
sive approximation A/D converter 

■ Superior replacement for 12-bit D/A converters of this 
type 

Key Specifications 

■ Resolution and Monotonicity 12 Bits 

■ Linearity 12 Bits 

(Guaranteed over temperature) 

■ Output Current Settling Time 400 ns max to 0.01% 

■ Gain Tempco ±15ppm/°Cmax 

■ Power Supply Sensitivity ±10 ppm of FS/% Vsupply 


Block and Connection Diagrams 



24 23 22 21 20 19 IB 17 16 15 14 13 

(MSB; (LSB) 


Dual-In-Line Package 


NC- 

1 

w 

24 

-(MSB) BIT 1 

NC- 

2 

23 

-BIT 2 

+v s - 

3 

22 

-BIT 3 

io.ov ref out- 

4 

21 

-BIT 4 

ANALOG GND- 

5 

20 

-BIT 5 

REF INPUT- 

6 

19 

-BIT 6 

-v s - 

7 

18 

-BIT 7 

BIP0LAR OFFSET — 

8 

17 

-BIT 8 

'out (” 2 mA FS) — 

9 

16 

-BIT 9 

10V RANGE — 

10 

15 

-BIT 10 

20V RANGE — 

11 

U 

-BIT 11 

POWER GND- 

12 

13 

-(LSB) BIT 12 


TL/H/5242-1 


Order Number DAC 1265 A J, 
DAC1265ACJ, DAC1265LJ or 
DAC1265LCJ 

See NS Package Number J24A 


TL/H/5242-2 


Top View 
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Absolute Maximum Ratings 









If Military/Aerospace specified devices are required, 

20V Range 




V” to +24V 

contact the 

National Semiconductor Sales Office/ 

Power Dissipation (Note 1) 


1000 mW 

Distributors for availability and specifications. 


Short-Circuit Duration (Pins 4 to 12) 

Continuous 

Supply Voltage (V + and V ~ 

') 

± 18V 

Operating Temperature Range 

Tmin^Ta^ Tmax 

Current Output (Pm 9) Voltage 

—3 V, 12V 

DAC1265AJ, DAC1265LJ 

_ 

55°C to + 1 25°C 

Logic Input Voltage 


-IV, 7V 

DAC1265ACJ, D AC 1265 LCJ 


0°C to + 70°C 

Reference Input Voltage (Pin 6) 

± 12V 

Storage Temperature Range 

— 65°C to + 1 50°C 

Analog GND to Power GND 


± 1 V 

Maximum Junction Temperature 



150°C 

Bipolar Offset 



± 12V 

Lead Temperature (Soldering, 10 seconds) 


300°C 

1 0V Range 



± 12V 

ESD Susceptibility (Note 13) 



TBD 

Electrical Characteristics v SU p PLY = 

± 1 5V ± 5% unless otherwise noted. Boldface limits apply over tern- 

perature.TMiN^TA^TMAX- For al1 other limits Ta=25°C. 











DAC1265A 

DAC1265 


Parameter 

Conditions 

See 


Tested 

Design 


Tested 

Design 

Units 




Note 

Typ 

Limit 

Limit 

Typ 

Limit 

Limit 





(Note 11) 

(Note 2) 

(Note 3) 

(Note 11) 

(Note 2) 

(Note 3) 



Resolution 




12 



12 


Bits 

Linearity Error 

Zero and Full-Scale Adjusted 

4 







LSB 

Max 




±Ve 








AJ and LJ Suffix Parts 

ACJ and LCJ Suffix Parts 









Differential 

Zero and Full-Scale Adjusted 


±Va 


■ 


± 3 4 



Non-Linearity 

Max 






■ 






AJ and LJ Suffix Parts 








Bits 

■flMHHKfl 

ACJ and LCJ Suffix Parts 









Full-Scale 

R2 = 50H in Figure 1 







■ 

% Full- 

(Gain) Error 

Max 






mu 



| 

Scale 

Offset Error Max 

Unipolar {Figure 1 Pin 8 Open) 

6 




±0.01 

±0.05 



All Bits OFF, 
Logic “0” 

Bipolar (R1 and R2 = 50n in 
Figure 2) 



±0.1 






Zero Error Max 

Bipolar (R1 and R2 = 50fl in 



±0.1 



±0.15 



MSB ON 

Figure 2) 










Gain 

R2 = 50H ± 50a in Figure 1 



msm 

■mss 





Adjustment 
Range Min 





mm 

■ 





Bipolar Offset 

R1 = 50H ± 50H and R2 = 50H 



K1»USI 






Adjustment 
Range Min 

in Figure 2 










Full-Scale (Gain) 

Using the 

AJ and LJ Suffix 


mm 



mm 

30 


ppm/°C 

Temperature 
Coefficients Max 

Internal 

Reference 

ACJ and LCJ Suffix 


19 



Kfl 


50 


Unipolar Offset 


AJ and LJ Suffix 



2 



2 



Temperature 
Coefficients Max 


ACJ and LCJ Suffix 


H 


B 

H 


2 


Bipolar Zero 


AJ and LJ Suffix 


5 




10 



Temperature 
Coefficients Max 


ACJ and LCJ Suffix 


5 



Ifl 


10 


Output 

Exclusive of Offset and 


7.5 

6 to 10 


7.5 

6 to 10 


k n 

Resistance 

Range R s 
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Electrical Characteristics (Continued) Vsupply = ± 1 5V ± 5% unless otherwise noted. Boldface limits apply 

over temperature, Tmin ^ t a ^ t max- For a' 1 other limits t a = 25°C. 










DAC1265A 

DAC1265 


Parameter 

Conditions 

See 

Note 

Typ 

Tested 

Limit 

Design 

Limit 

Typ 

Tested 

Limit 

Design 

Limit 

Units 





(Note 11) 

(Note 2) 

(Note 3) 

(Note 11) 

(Note 2) 

(Note 3) 


Current Output 

Unipolar 


-2 

-1.6 to 


-2 

-1.6 to 


mA 






-2.4 



-2.4 





Bipolar 


±1.0 

±0.8 to 


±1.0 

±0.8 to 








±1.2 



±1.2 



Output 

Capacitance 



25 



25 



PF 

Output Noise (FS, 

1 0 Hz to 1 00 kHz with Internal 


40 



40 



juVrms 

10V Range) 


Reference 









Typ Output 


Using Internal Offset and Range R s 


±2.5, ±5, ±10,0 to 5,0 to 10 



V 

Voltage Ranges 










Reference Input 



20.8 

15 to 25 


20.8 

15 to 25 


ka 

Resistance 











Output 






-1.5 to 



-1.5 to 

V 

Compliance 

Voltage 






10 



10 


REFERENCE OUTPUT CHARACTERISTICS 

Reference 

Min 

Iref = 1 -5 mA 


10.00 

9.90 


10.00 

9.90 


V 

Voltage 

Max 



10.10 


10.10 



Temperature 

Coefficient 



±8 



±12 



ppm/°C 

Reference 





3.0 



3.0 


mA 

Output Current 










Min 











Output 


fo=1 kHz, 0.5 mA^lREF^3 mA 


0.05 

1.0 


0.05 

1.0 


a 

Resistance Max 










DIGITAL AND DC CHARACTERISTICS 

Logic Input 


Logic High AJ and LJ Suffix 



2 to 5.5 



2 to 5.5 


V 

Voltage 


Bit ON ACJ and LCJ Suffix 



CD 

O 

cn 

cn 

2 to 5.5 


1.9 to 5.5 

2 to 5.5 



Max 

Logic Low AJ and LJ Suffix 



0.8 



0.8 




Bit OFF ACJ and LCJ Suffix 



1.0 

0.8 


1.0 

0.8 


Logic Input 


Logic High AJ and LJ Suffix 


150 

300 


150 

300 


fiA 

Current Max 


ACJ and LCJ Suffix 


150 

280 

300 

150 

280 

300 




Logic Low AJ and LJ Suffix 


45 

100 


45 

100 





ACJ and LCJ Suffix 


45 

90 

100 

45 

90 

100 


Power Supply 

1 + 

V+ Supply = 15V ± 10% 


3 

5 


3 

5 


mA 

Current Max 

1- 

V- Supply = — 1 5V ± 1 0% 


-12 

-18 


-12 

-18 



Power 


Vsupply = ±15V 


225 

345 


225 

345 


mW 

| Dissipation Max 










Power Supply 


V + Supply = 1 5V ± 1 0% 

10 

±3 

±10 


±3 

±10 


ppm of FS/ 

Sensitivity Max 

V- Supply = —15V ±10% 

10 

±15 

±25 


±15 

±25 


% Vsupply 
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Electrical Characteristics (Continued) Vsupply = ± 15V ±5% unless otherwise noted. Boldface limits apply 
over temperature, Tmin^ t a^ t max- For all other limits Ta = 25°C. 


Parameter 


Conditions 


See 

Note 


DAC1265A 


Typ 

(Note 11) 


Tested 
Limit 
(Note 2) 


Design 
Limit 
(Note 3) 


DAC1265 


Typ 

(Note 11) 


Tested 
Limit 
(Note 2) 


Design 
Limit 
(Note 3) 


Units 


AC CHARACTERISTICS 


Settling 

Time Max 

FSR Change 


200 


400 

200 


400 

ns 

Full-Scale 
Transition Max 

10% to 90% Rise Time 
Plus Delay Time 


15 


30 

15 


30 

ns 

90% to 10% Fall Time 
Plus Delay Time 


30 


50 

30 


50 


Note 1: The typical 0j A of the 24-pin package is 80° C/W. 

Note 2: Tested and guaranteed to National’s AOQL (Average Outgoing Quality Level). 

Note 3: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 4: Linearity error = U — V - F ^ ET - ( DxV lsb) w here Vlsb = — — T - and D is the digital input (0 to 4095) which produced Vout- 
V[_sb 4095 


Note 5: Percent gain error for 10V range = 


(Vfs~ VOFFSET) ~ (4095/4096)1 0V 
10V 


X100. 


Note 6: Unipolar offset error for 10V range = (Vout/ 10V) x 100 in percent of full-scale. 

Note 7: Bipolar offset error for 10V range = V ° UT ^ ^ 5V ^ xiOO in percent of full-scale. 

Note 8: Bipolar zero error for 10V range = (Vout/ 10V)x 100 in percent of full-scale. 

Note 9: Gain error tempco= ^ s ~ Votfsef) ^ ma * " . t M'n)-(Vfs- Voffset) at 2g2 x 
1 0V range X (T MAX or T M in - 25°C) 


Note 10: Power supply sensitivity for 10V range = 10 6 x 


(Vfs ~ Vqffset) at (1 6.5V or - 1 3.5V) - (V FS ~ Vqffset) at (1 3.5V or - 1 6.5 V) , 


in ppm of FS/%Vs- 


10V x 20% 

The opposite supply is held at - 1 5V or + 1 5V respectively. 

Note 11: Typicals are at 25°C and represent most likely parametric norm. 

Note 12: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its specified operating conditions. 

Note 13: Human body model, 100 pF discharged through a 1.5 kft resistor. 

Functional Description and 
Applications 

1.0 BUFFERED VOLTAGE OUTPUT CONNECTION 

The standard current-to-voltage conversion connections us- 
ing an operational amplifier are shown here with the pre- 
ferred trimming techniques. If a low offset operational ampli- 
fier (LF401A) is used, excellent performance can be ob- 
tained in many situations without trimming (an op amp with 
less than 0.5 mV maximum offset voltage should be used to 
keep offset errors below y 2 LSB). Unipolar zero will typically 
be within ± y 2 LSB (plus op amp offset), and if a 50H fixed 
resistor is substituted for the 100ft trimmer (R2, Figure 1), 
full-scale accuracy will be within 0.1 % (0.20% maximum). 

Substituting a 50ft resistor for the 100ft bipolar offset trim- 
mer (R1, Figure 2) will give a bipolar zero error typically 
within ±2 LSB (0.05%). 

1.1 Unipolar Configuration (Figure 1) 

This configuration will provide a unipolar 0V to 9.9976V out- 
put range. 

Step 1 --Offset Adjust (Zero) 

Turn all bits OFF and adjust zero trimmer, R1, until the out- 
put reads 0.000V (1 LSB = 2.44 mV). In most cases this trim 
is not needed. 


Step 2 — Gain Adjust 

Turn all bits ON and adjust 100ft gain trimmer, R2, until the 
output is 9.9976V (full-scale adjusted to 1 LSB less than 
nominal full-scale of 10.000V). If a 10.2375V full-scale is 
desired (exactly 2.5 mV/bit), insert a 120ft resistor in series 
with the gain resistor at pin 1 0 to the op amp output. 

1.2 Bipolar Configuration (Figure 2) 

This configuration will provide a bipolar output voltage from 
— 5.000V to 4.9976V, with positive full-scale occurring with 
all bits ON (all Is). 

Step 1 — Offset Adjust 

Turn OFF all bits. Adjust 100ft offset trimmer, R1, to give 
-5.000V output. 

Step 2— Gain Adjust 

Turn ON all bits. Adjust 100ft gain trimmer, R2, to give a 
reading of 4.9976V. 

Please note that it is not necessary to trim the op amp to 
obtain full accuracy at room temperature. In most bipolar 
situations, an op amp trim is unnecessary unless the un- 
trimmed offset drift of the op amp is excessive. Bipolar zero 
error (MSB bit ON) is not adjusted separately and is typically 
< ±0.05% of FS after offset and gain adjust. 


□ 
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Functional Description and Applications (Continued) 


1.3 Other Voltage Ranges (Figure 3) 

The DAC1265A and DAC1265 can also be easily configured 
for a unipolar OV to 5V range or ±2.5V and ±10V bipolar 
ranges by using the additional 5k application resistor provid- 
ed at the 20V range R terminal, pin 11. For a 5V range (0V 
to 5V or ±2.5V), the two 5k resistors are used in parallel by 
shorting pin 1 1 to pin 9 and connecting pin 10 to the op amp 
output and the bipolar offset either left open for unipolar or 
connected through a 100H pot to the REF OUT for the bipo- 
lar range. For the ± 1 0V range use the 5k resistors in series 
by connecting only pin 1 1 to the op amp output and con- 
necting the bipolar offset as shown. The ±10V option is 
shown in Figure 3. 

2.0 INTERNAL/EXTERNAL REFERENCE USE 

The performance of the DAC1265A and DAC1265 is speci- 
fied with the internal reference driving the DAC since all 
trimming and testing (especially for full-scale error and bipo- 
lar operation) is done in this configuration. 

The internal reference has sufficient buffering to drive exter- 
nal circuitry in addition to the reference currents required for 
the DAC (typically 0.5 mA to REF IN and 1.0 mA to BIPO- 
LAR OFFSET, if used). A minimum of 1 .5 mA is available for 
driving external circuits. The reference is typically trimmed 
to ±0.2%, then tested and guaranteed to ± 1 .0% maximum 
error. The temperature coefficient is comparable to that of 
the full-scale TC for a particular grade. 


3.0 DIGITAL INPUT 

The DAC1265A and DAC1265 use a standard positive true 
straight binary code for unipolar outputs (all Is give full- 
scale output), and an offset binary code for bipolar output 
ranges. In the bipolar mode, with all 0s on the inputs, the 
output will go to negative full-scale; with 100.. .00 (only the 
MSB on), the output will be 0.00V; with all Is, the output will 
go to positive full-scale. 

The threshold of the digital input circuitry is set at 1.4V and 
does not vary with supply voltage. The input lines can inter- 
face with any type of 5V logic, TTL/DTL or CMOS, and have 
sufficiently low input currents to interface easily with unbuf- 
fered CMOS logic. The configuration of the input circuit is 
shown in Figure 4. The input line can be modeled as a 30 
kfl resistance connected to a -0.7V rail. 



TL/H/5242-6 

FIGURE 4. Equivalent Digital Input Circuit 



TL/H/5242-4 


FIGURE 3. ± 10V Voltage Output 
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Functional Description and Applications (Continued) 


4.0 APPLICATION OF ANALOG AND POWER GROUNDS 

The DAC1265A and DAC1265 have separate analog and 
power ground pins to allow optimum connections for low 
noise and high speed performance. The two ground lines 
can be separated by up to 200 mV without any loss in per- 
formance. There may be some loss in linearity beyond that 
level. If these DACs are to be used in a system in which the 
two grounds will be ultimately connected at some distance 
from the device, it is recommended that parallel back-to- 
back diodes be connected between the ground lines near 
the device to prevent a fault condition. 

The analog ground at pin 5 is the ground reference point for 
the internal reference and is thus the “high quality” ground; 
it should be connected directly to the analog reference point 
of the system. The power ground at pin 1 2 can be connect- 
ed to the most convenient ground reference point; analog 
power return is preferred, but digital ground is acceptable. If 
power ground contains high frequency noise beyond 200 
mV, this noise may feed through the converter, so that 
some caution will be required in applying these grounds. 

5.0 OUTPUT VOLTAGE COMPLIANCE 

The DAC1265A and DAC1265 have a typical output compli- 
ance range from -2 V to 10V. The current-steering output 
stages will be unaffected by changes in the output terminal 
voltage over that range. However, there is an equivalent 
output impedance of 8k in parallel with 25 pF at the output 
terminal which produces an equivalent error current if the 
voltage deviates from power ground. This is a linear effect 
that does not change with input code. Operation beyond the 
compliance limits may^ cause either output stage satura- 


tion or breakdown which results in non-linear performance. 
Compliance limits are not affected by the positive power 
supply, but are a function of output current and negative 
supply. 

6.0 DIRECT UNBUFFERED VOLTAGE OUTPUT FOR CA- 
BLE DRIVING 

The wide compliance range allows direct current-to-voltage 
conversion with just an output resistor. Figure 5 shows a 
connection using the gain and bipolar output resistors to 
give a ± 1.60V bipolar swing. In this situation, the digital 
code is complementary binary. Other combinations of inter- 
nal and external output resistors (R x ) can be used to scale 
to alternate voltage ranges, simply by appropriately scaling 
the 0 mA to -2 mA unipolar output current and using the 
10.0V reference voltage for bipolar offset. For example, set- 
ting R x = 2.67 k Cl gives a ±1V range with a 1 kfl equivalent 
output impedance. 

This connection is especially useful for directly driving a 
long cable at high speed. Using a 50fl resistor for R x would 
allow interface to a 50H cable with a ±50 mV full-scale 
swing. 

7.0 HIGH SPEED 12-BIT A/D CONVERTERS 

The fast settling characteristics of the DAC1265A and 
DAC1265 make them ideal for high speed successive ap- 
proximation A/D converters. The internal reference and 
trimmed internal resistors allow a 1 2-bit converter system to 
be constructed with a minimum parts count. Shown in Fig- 
ure 6 is a configuration using standard components; this 
system completes a full 12-bit conversion in 10 jus unipolar 
or bipolar. This converter will be accurate to ± y 2 LSB of 1 2 
bits and have a typical gain TC of 10 ppm/°C. 



FIGURE 5. Unbuffered Bipolar Voltage Output 
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Functional Description and Applications (Continued) 


In the unipolar mode, the system range is OV to 9.9976V, 
with each bit having a value of 2.44 mV. For true conversion 
accuracy, an A/D converter should be trimmed so that a 
given output code results from input levels from y 2 LSB be- 
low to y 2 LSB above the exact voltage represented by that 
code. Therefore, the converter zero point should be 
trimmed with an input voltage of 1.22 mV; trim R1 until the 
LSB just begins to appear in the output code (all other bits 
“0”). For full-scale, use an input voltage of 9.9963V (10V-1 
LSB-y 2 LSB); then trim R2 until the LSB just begins to ap- 
pear (all other bits “1”). 

The bipolar signal range is —5.0V to 4.9976V. Bipolar offset 
trimming is done by applying a -4.9988V input signal and 
trimming R3 for the LSB transition (all other bits “0”). 
Full-scale is set by applying 4.9963V and trimming R2 for 
the LSB transition (all other bits “1”). In many applications, 


the pretrimmed internal resistors are sufficiently accurate 
that external trimmers will be unnecessary, especially in sit- 
uations requiring less than full 12-bit ±y 2 LSB accuracy. 
For fastest operation, the impedance at the comparator 
summing node must be minimized. However, lowering the 
impedance will reduce the voltage signal to the comparator 
(at an equivalent impedance at the summing node of 1 kfl, 
1 LSB = 0.5 mV), to the point that comparator performance 
will be sacrificed. The contribution to this impedance from 
the DAC will vary with the input configuration {Figure 6, Input 
Ranges Table). 

To prevent dynamic errors, the input signal should have a 
low dynamic source impedance, such as that of the LF41 1 A 
op amp. 
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Definition of Terms 

Digital Inputs: The DAC1265A and DAC1265 accept digital 
input codes in binary format and may be user connected for 
any one of three binary codes: straight binary, two’s comple- 
ment, or offset binary. 


Digital 
Input 
MSB LSB 

Analog Output 

Straight 

Binary 

Offset 

Binary 

Two’s 

Complement* 

000.. 000 

zero 

-FS (Full-Scale) 

zero 

011. ..Ill 

y 2 FS-1 LSB 

zero-1 LSB 

+ FS-1 LSB 

100.. 000 

V 2 FS 

zero 

-FS 

111. ..Ill 

+ FS-1 LSB 

+ FS-1 LSB 

zero-1 LSB 


’Invert MSB with external inverter to obtain Two’s Complement coding 
Linearity Error: Linearity error of a D/A converter is an 
important measure of its accuracy. It describes the deviation 
from an ideal straight line transfer curve drawn between 
zero (all bits OFF) and full-scale (all bits ON). 

Differential Non-Linearity: For a D/A converter, it is the 
difference between the actual output voltage change and 
the ideal (1 LSB) voltage change for a one-bit change in 
code. A differential non-linearity of ± 1 LSB or less guaran- 
tees monotonicity; i.e., the output always increases and nev- 
er decreases for an increasing input. It is guaranteed by 
testing the major carry transitions, i.e., 100.. .000 to 
011...111, etc. 

Settling Time: Settling time is the time required for the out- 
put to settle to within the specified error band for any input 

Ordering Information 


code transition. It is usually specified for a full-scale or major 
carry transition. 

Gain Tempco: The change in full-scale analog output over 
the specified temperature range expressed in parts per mil- 
lion of full-scale per °C (ppm of FS/°C). Gain error is mea- 
sured with respect to 25°C at high (Tmax) and low (Tmin) 
temperatures. Gain tempco is calculated for both high 
(T MA x-25°C) and low (25°C-Tmin) ranges by dividing the 
gain error by the respective change in temperature. The 
specification is the larger of the two representing worst- 
case drift. 

Offset Tempco: The change in analog output with all bits 
OFF over the specified temperature range expressed in 
parts per million of full-scale per °C (ppm of FS/°C). Offset 
error is measured with respect to 25°C at high (Tmax) and 
low (T min) temperatures. Offset tempco is calculated for 
both high (Tmax _ 25 ° c ) and low (25°C-Tmin) ranges by 
dividing the offset error by the respective change in temper- 
ature. The specification given is the larger of the two, repre- 
senting worst-case drift. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the change in gain and offset of the D/A con- 
verter resulting from a change in -15V or + 15V supplies. 
It is specified under DC conditions and expressed as parts 
per million of full-scale per percent of change in power sup- 
ply (ppm of FS/%). 


Temperature Range 

0°C to 70°C 

— 55°C to + 125°C 

Linearity Error 

Over Temperature 

±y 2 Bit 

DAC1265ACJ 

DAC1265AJ 

± % Bit 

DAC1265LCJ 

DAC1265LJ 
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DAC1266A, DAC1266 Hi-Speed 12-Bit D/A Converter 

General Description 

The DAC1266A and DAC1266 are fast 12-bit digital to ana- 
log converters. These DACs use 12 precision high speed 
bipolar current steering switches, control amplifier, and a 
thin film resistor network to obtain a high accuracy, very fast 
analog output current. The DAC1266A and DAC1266 have 
10% -90% full-scale transition time under 30 ns and settle 
to less than y 2 LSB in 200 ns. 

These digital to analog converters are recommended for 
applications in CRT displays, precision instruments and data 
acquisition systems requiring throughput rates as high as 5 
MHz for full range transitions. 

Features 

■ Bipolar current output DAC 

■ Fully differential, non-saturating precision current switch 
— Rout and Cqut do not change with digital input 
code 


■ Precision thin film resistors for use with external op 
amp for voltage out or as input resistors for a succes- 
sive approximate A/D converter 

■ Superior replacement for 12-bit D/A converters of this 
type 

Key Specifications 

■ Resolution and Monotonicity 12 Bits 

■ Linearity 12 Bits 

(Guaranteed over temperature) 

■ Output Current Settling Time 400 ns max to 0.01 % 

■ Full-Scale Transition Time (10% -90%) 30 ns 

■ Power Supply Sensitivity ±15 ppm of FS/% Vsupply 


Block and Connection Diagrams 


-Vc NS NS 


NS 

2 



(MSB) 


(LSB) 


Dual-In-Line Package 


TL/H/5068-7 


NC- 

1 

24 

-(MSB) BIT1 

NC- 

2 

23 

-BIT 2 

ANALOG GROUND- 

3 

22 

-BIT 3 

AMP SUMMING _ 

4 

21 

— BIT 4 

JUNCTION 
REFERENCE IN- 

5 

20 

-BIT 5 

-v s - 

6 

19 

-BIT 6 

BIPOLAR OFFSET - 

7 

18 

-BIT 7 

NC- 

8 

17 

-BIT 8 

l 0UT (-2mA FS)- 

9 

16 

-BIT 9 

10V RANGE - 

10 

15 

-BIT 10 

20 V RANGE - 

11 

14 

-BIT 11 

POWER GROUND- 

12 

13 

-(LSB) BIT 12 


Order Number 
DAC1266AJ, DAC 1266 AC J, 
DAC1266LJ or DAC1266LCJ 
See NS Package Number J24A 


Top View 
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Conditions 


DAC1266A 

Tested C 
Limit 




DAC1266 


CONVERTER CHARACTERISTICS 


Resolution 


Differential 

Non-Linearity 

Max 


Tested 

Limit 

Design 

Limit 

(Note 2) 

(Note 3) 


12 1 








Zero and Full-Scale Adjusted 






IIIEIiSSISSSI 




Offset Error Max 
All Bits OFF, 
Logic “0” 

Zero Error Max 
MSB ON 

Gain 

Adjustment 
Range Min 


Bipolar Offset 
Adjustment 
Range Min 


Full-Scale (Gain) 
Temperature 
Coefficients Max 


Unipolar {Figure 1 Pin 7 Open) 

Bipolar (R1 and R2=50ft in 
Figure 2) 

Bipolar (R1 and R2= 50fl in 
Figure 2) 

R2 = 50(1 ± 50ft in Figure 1 


R1 = 50H ± 50H and R2 = 50ft in 
Figure 2 


AJ and LJ Suffix 
ACJ and LCJ Suffix 


±0.05 


±0.1 










Unipolar Offset 
Temperature 
Coefficients Max 

AJ and LJ Suffix 

ACJ and LCJ Suffix 

Bipolar Zero 
Temperature 
Coefficients Max 

AJ and LJ Suffix 

ACJ and LCJ Suffix 



1 3 

1 









Output 

Resistance 


Exclusive of Offset and Range Rs 
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Electrical Characteristics (Continued) Vsupply= -15V±5% and V REF = lO.OOOV unless otherwise noted 
Boldface limits apply over temperature, Tmin^Ta^Tmax- For all other limits Ta=25°C. 

Parameter 

Conditions 

See 

Note 

DAC1266A 

DAC1266 

Units 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Typ 

Tested 

Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Output 

Capacitance 



25 






PF 

Typ Output 

Voltage Ranges 

Using Internal Offset and Range Rs 


±2.5, ±5, ±10,0 to 5,0 to 10 

V 

Reference Input 
Resistance 






20.8 

15 to 25 


kfl 

Output 

Compliance 

Voltage 


■ 

1 



i 



V 

DIGITAL AND DC CHARACTERISTICS 


Logic High AJ and LJ Suffix 

Bit ON ACJ and LCJ Suffix 


■ 



■ 

2 to 5.5 

1.9 to 5.5 

2 to 5.5 

V 


Logic Low AJ and LJ Suffix 

Bit OFF ACJ and LCJ Suffix 

■ 

■ 



■ 



Logic Input 

Current Max 

Logic High AJ and LJ Suffix 

ACJ and LCJ Sufix 


150 

150 

300 

280 

300 

150 

150 

300 

280 

300 

jaA 

Logic Low AJ and LJ Suffix 

ACJ and LCJ Suffix 

■ 

i 



i 



Power Supply 

Current Max 

V - Supply = —15V ±10% 


-12 






mA 

Power 

Dissipation Max 

V“ Supply = -15V 

■ 





270 


mW 

Power Supply 
Sensitivity Max 

V- Supply = — 1 2V ± 5% 

10 

±15 



m 

±25 


ppm of FS/ 
% Vsupply 

V ~ Supply = — 1 5V ± 1 0% 

10 

±15 




±25 


AC CHARACTERISTICS 

Settling 

Time Max 

FSR Change 




400 

200 







m 


30 

15 


30 

ns 



E3 


50 

1 


50 

Note 1: The typical 0 ja of the 24-pin package is 80° C/W. 

Note 2: Tested and guaranteed to National's AOQL (Average Outgoing Quality Level). 

Note 3: Guaranteed, but not 100% production tested. These limits are not used to calculate outgoing quality levels. 

Note 4: Linearity error = — v OFFSET — (D x V L sb) where Vlsq = .Y.fs , ^offset and D js the digita , jnput ( 0 t0 40g5 j whjch proc | ucec | v 0UT . 

Vlsb 4095 

Note 5: Percent gain error for 10V range ^ “ VoFFSET > ” l 4095 ' 409 ®^ x 100 

Vref 

Note 6: Unipolar offset error for 10V range = (Vqut /v ref) x 100 in percent of full-scale. 

Note 7: Bipolar offset error for 10V range = V ° UT Vref/ - x 100 in percent of full-scale. 

Vref 

Note 8: Bipolar zero error for 10V range = (Vout^Vref) x 100 in percent of full-scale. 

Not. 9 : Gain error tempco (Vf3 “ v OFFSET)at(T MAX orT MIN ) - (V FS - Voffset) at25"C x 1q6 |p ppm/ „ c 

10V range x (T MAX orTMiN ~ 25°C) 

Note 10: Power supply sensitivity for 10V range = 106 x — v offset) at ( — 1 ^ 5V ) _ Wfs — Voffset) at ,( — i n ppm 0 f F S/% Vs- 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its specified operating conditions. 

Note 12: Human body model, 100 pF discharged through a 1.5 kft resistor. 
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Functional Description and 
Applications 

1.0 BUFFERED VOLTAGE OUTPUT CONNECTION 

The standard current-to-voltage conversion connections us- 
ing an operational amplifier are shown here with the pre- 
ferred trimming techniques. If a low offset operational ampli- 
fier (LF401A) is used, excellent performance can be ob- 
tained in many situations without trimming (an op amp with 
less than 0.5 mV maximum offset voltage should be used to 
keep offset errors below y 2 LSB). Unipolar zero will typically 
be within ±y 2 LSB (plus op amp offset), and if a 50ft fixed 
resistor is substituted for the 100ft trimmer (R2, Figure 1), 
full-scale accuracy will be within 0.1% (0.20% maximum). 
Substituting a 5011 resistor for the 100ft bipolar offset trim- 
mer (R1, Figure 2) will give a bipolar zero error typically 
within ±2 LSB (0.05%). 

1.1 Unipolar Configuration {Figure 1) 

This configuration will provide a unipolar 0V to 9.9976V out- 
put range. 

Step 1— Offset Adjust (Zero) 

Turn all bits OFF and adjust zero trimmer, R1, until the out- 
put reads 0.000V (1 LSB = 2.44 mV). In most cases this trim 
is not needed. 

Step 2— Gain Adjust 

Turn all bits ON and adjust 100ft gain trimmer, R2, until the 
output is 9.9976V (full-scale adjusted to 1 LSB less than 
nominal full-scale of 10.000V). If a 10.2375V full-scale is 
desired (exactly 2.5 mV/bit), insert a 120ft resistor in series 
with the gain resistor at pin 10 to the op amp output or use 
the LH0071 voltage reference. 


1.2 Bipolar Configuration {Figure 2) 

This configuration will provide a bipolar output voltage from 
-5.000V to 4.9976V, with positive full-scale occurring with 
all bits ON (all Is). 

Step 1— Offset Adjust 

Turn OFF all bits. Adjust 100ft offset trimmer, R1, to give 
-5.000V output. 

Step 2— Gain Adjust 

Turn ON all bits. Adjust 100ft gain trimmer, R2, to give a 
reading of 4.9976V. 

Please note that it is not necessary to trim the op amp to 
obtain full accuracy at room temperature. In most bipolar 
situations, an op amp trim is unnecessary unless the un- 
trimmed offset drift of the op amp is excessive. Bipolar zero 
error (MSB bit ON) is not adjusted separately and is typically 
< ±0.05% of FS after offset and gain adjust. 

1.3 Other Voltage Ranges {Figure 3) 

The DAC1 266 A and DAC1 266 can also be easily configured 
for a unipolar 0V to 5V range or ±2.5V and ±10V bipolar 
ranges by using the additional 5k application resistor provid- 
ed at the 20V range R terminal, pin 1 1 . For a 5 V span (0V to 
5V or +2.5V), the two 5k resistors are used in parallel by 
shorting pin 1 1 to pin 9 and connecting pin 1 0 to the op amp 
output and the bipolar offset either left open for unipolar or 
connected through a 100ft pot to the external 


15V 



a common current return path. See 

FIGURE 1. 0V to 10V Unipolar Voltage Output section 3.0 for proper connections. 
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Functional Description and Applications (Continued) 



FIGURE 2. ±5V Bipolar Voltage Output 


section 3.0 for proper connections. 


f — A AAr 


□ 



SUMMING 

JUNCTION 


BIPOLAR OFF 


ANA 

GNO 


6 


6 


-Vs 


TL/H/5068-3 


FIGURE 3. ± 10V Voltage Output 



*Power and analog ground must have 
a common current return path. See 
section 3.0 for proper connections. 
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Functional Description and 
Applications (Continued) 

reference for the bipolar range. For the ± 1 0V range use the 
5k resistors in series by connecting only pin 1 1 to the op 
amp output and connecting the bipolar offset as shown. The 
± 10V option is shown in Figure 3. 

2.0 DIGITAL INPUT 

The DAC1266A and DAC1266 use a standard positive true 
straight binary code for unipolar outputs (all Is give full- 
scale output), and an offset binary code for bipolar output 
ranges. In the bipolar mode, with all Os on the inputs, the 
output will go to negative full-scale; with 100.. .00 (only the 
MSB on), the output will be 0.00V; with all Is, the output will 
go to positive full-scale. 

The threshold of the digital input circuitry is set at 1 AM and 
does not vary with supply voltage. The input lines can inter- 
face with any type of 5 V logic, TTL/DTL or CMOS, and have 
sufficiently low input currents to interface easily with unbuf- 
fered CMOS logic. The configuration of the input circuit is 
shown in Figure 4 . The input line can be modelled as a 30 
kft resistance connected to a -0.7V rail. 



TL/H/5068-4 

FIGURE 4. Equivalent Digital Input Circuit 

3.0 APPLICATION OF ANALOG AND POWER GROUND 

The DAC1266A and DAC1266 have separate analog and 
power ground pins to allow optimum connections for low 
noise and high speed performance. The two ground lines 
can be separated by up to 200 mV without any loss in per- 
formance. There may be some loss in linearity beyond that 
level. If these DACs are to be used in a system in which the 
two grounds will be ultimately connected at some distance 
from the device, it is recommended that parallel back-to- 
back diodes be connected between the ground lines near 
the device to prevent a fault condition. 


The analog ground at pin 3 is the ground reference point for 
the internal reference and is thus the “high quality” ground; 
it should be connected directly to the analog reference point 
of the system. The power ground at pin 12 can be connect- 
ed to the most convenient ground reference point; analog 
power return is preferred, but digital ground is acceptable. If 
power ground contains high frequency noise beyond 200 
mV, this noise may feed through the converter, so that 
some caution will be required in applying these grounds. 

4.0 OUTPUT VOLTAGE COMPLIANCE 

The D AC 1266 A and DAC1266 have a typical output compli- 
ance range from -2 V to 10V. The current-steering output 
stages will be unaffected by changes in the output terminal 
voltage over that range. However, there is an equivalent 
output impedance of 8k in parallel with 25 pF at the output 
terminal which produces an equivalent error current if the 
voltage deviates from power ground. This is a linear effect 
that does not change with input code. Operation beyond the 
compliance limits may cause either output stage saturation 
or breakdown which results in non-linear performance. 
Compliance limits are a function of output current and nega- 
tive supply. 

5.0 DIRECT UNBUFFERED VOLTAGE OUTPUT FOR 
CABLE DRIVING 

The wide compliance range allows direct current-to-voltage 
conversion with just an output resistor. Figure 5 shows a 
connection using the gain and bipolar output resistors to 
give a ± 1.60V bipolar swing. In this situation, the digital 
code is complementary binary. Other combinations of inter- 
nal and external output resistors (Rx) can be used to scale 
to alternate voltage ranges, simply by appropriately scaling 
the 0 mA to -2 mA unipolar output current and using the 
10.0V reference voltage for bipolar offset. For example, set- 
ting Rx=2.67 kft gives a ± IV range with a 1 kft equivalent 
output impedance. 

This connection is especially useful for directly driving a 
long cable at high speed. Using a 50ft resistor for Rx would 
allow interface to a 50ft cable with a ±50 mV full-scale 
swing. 

6.0 HIGH SPEED 12-BIT A/D CONVERTERS 

The fast settling characteristics of the DAC1266A and 
DAC1266 make them ideal for high speed successive ap- 
proximation A/D converters. Shown in Figure 6 is a configu- 
ration using standard components; this system completes a 
full 1 2-bit conversion in 1 0 /as unipolar or bipolar. This con- 
verter will be accurate to ±y 2 LSB of 12 bits and have a 
typical gain TC of 10 ppm/°C. 
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Functional Description and Applications (Continued) 



FIGURE 5. Unbuffered Bipolar Voltage Output 
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DAC Zqut 

Input to A 
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B to DAC OUT 


Input to A 

2.35 kfi 

Input to B 

3.08 kn 


FIGURE 6. Fast Precision Analog to Digital Converter 
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Functional Description and 
Applications (Continued) 

In the unipolar mode, the system range is OV to 9.9976V, 
with each bit having a value of 2.44 mV. For true conversion 
accuracy, an A/D converter should be trimmed so that a 
given output code results from input levels from y 2 LSB be- 
low to y 2 LSB above the exact voltage represented by that 
code. Therefore, the converter zero point should be 
trimmed with an input voltage of 1.22 mV; trim R1 until the 
LSB just begins to appear in the output code (all other bits 
“0”). For full-scale, use an input voltage of 9.9963V (10V-1 
LSB-y 2 LSB); then trim R2 until the LSB just begins to ap- 
pear (all other bits “1”). 

The bipolar signal range is -5.0V to 4.9976V. Bipolar offset 
trimming is done by applying a -4.9988V input signal and 
trimming R3 for the LSB transition (all other bits “0”). 
Full-scale is set by applying a 4.9963V and trimming R2 for 
the LSB transition (all other bits “1”). In many applications, 
the pretrimmed internal resistors are sufficiently accurate 
that external trimmers will be unnecessary, especially in sit- 
uations requiring less than full 12-bit ±y 2 LSB accuracy. 
For fastest operation, the impedance at the comparator 
summing node must be minimized. However, lowering the 
impedance will reduce the voltage signal to the comparator 
(at an equivalent impedance at the summing node of 1 kn, 
1 LSB = 0.5 mV), to the point that comparator performance 
will be sacrificed. The contribution to this impedance from 
the DAC will vary with the input configuration {Figure 6, Input 
Ranges Table). 

To prevent dynamic errors, the input signal should have a 
low dynamic source impedance, such as that of the LF41 1 A 
op amp. 

Definition of Terms 

Digital Inputs: The DAC1266A and DAC1266 accept digital 
input codes in binary format and may be user connected for 
any one of three binary codes: straight binary, two’s comple- 
ment, or offset binary. 


Digital 
Input 
MSB LSB 

Analog Output 

Straight 

Binary 

Offset 

Binary 

Two’s 

Complement* 

000...000 

zero 

-FS (Full-Scale) 

zero 

011...111 

y 2 FS-1 LSB 

zero-1 LSB 

+ FS-1 LSB 

100...000 

!4FS 

zero 

-FS 

111...111 

+ FS-1 LSB 

+ FS-1 LSB 

zero-1 LSB 


* Invert MSB with external inverter to obtain Two’s Complement coding 


Linearity Error: Linearity Error of a D/A converter is an 
important measure of its accuracy. It describes the deviation 
from an ideal straight line transfer curve drawn between 
zero (all bits OFF) and full-scale (all bits ON). 

Differential Non-Linearity: For a D/A converter, it is the 
difference between the actual output voltage change and 
the ideal (1 LSB) voltage change for a one-bit change in 
code. A differential non-linearity of ± 1 LSB or less guaran- 
tees monotonicity; i.e., the output always increases and nev- 
er decreases for an increasing input. It is guaranteed by 
testing the major carry transitions; i.e., 100.. .000 to 
011...111 etc. 

Settling Time: Setting time is the time required for the out- 
put to settle to within the specified error band for any input 
code transition. It is usually specified for a full-scale or major 
carry transition. 

Gain Tempco: The change in full-scale analog output over 
the specified temperature range expressed in parts per mil- 
lion of full-scale per °C (ppm of FS/°C). Gain error is mea- 
sured with respect to 25°C at high (Tmax) and low 0 "min) 
temperatures. Gain tempco is calculated for both high 
(T MA x-25°C) and low (25°C-Tmin) ranges by dividing the 
gain error by the respective change in temperature. The 
specification is the larger of the two representing worst- 
case drift. 

Offset Tempco: The change in analog output with all bits 
OFF over the specified temperature expressed in parts per 
million of full-scale per °C (ppm of FS/°C). Offset error is 
measured with respect to 25°C at high (Tmax) and low 
Omin) temperatures. Offset tempco is calculated for both 
high (Tmax- 25°C) and low (25°C-Tmin) ranges by dividing 
the offset error by the respective change in temperature. 
The specification given is the larger of the two, representing 
worst-case drift. 

Power Supply Sensitivity: Power supply sensitivity is a 
measure of the change in gain and offset of the D/A con- 
verter resulting from a change in —15V supply. It is speci- 
fied under DC conditions and expressed as parts per million 
of full-scale per percent of change in power supply (ppm of 
FS/%). 


Ordering Information 


Temperature Range 

0°C to 70°C 

— 55°C to +125°C 

Linearity Error 

Over Temperature 

±y 2 Bit 

DAC 1266 AC J 

DAC1266AJ 

±% Bit 

DAC1266LCJ 

DAC1266LJ 
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ADVANCED INFORMATION 


DAC1655 16-Bit D/A Converter 


General Description 

The DAC1655 is a 16-bit digital-to-analog converter. The 
DAC1655 consists of CMOS switches and thin film SiCr re- 
sistors connected to form a 4k potentiometer with an output 
impedance of 40 kft. This 16-bit D/A converter is monoton- 
ic to 16 bits over the specified temperature range. Force 
and sense functions minimize gain and offset errors. 

The analog output voltage range is GND to the applied volt- 
age reference. 

The power dissipation is 28 mW at 1 0V supply. The power 
dissipation of each internal resistor does not change regard- 
less of input data code which results in very low superposi- 
tion error. 

These digital-to-analog converters are recommended as 
16-bit digitally controlled potentiometers. They look identical 
to mechanical potentiometers within the digital supply com- 
mon mode voltage range. 

The DAC1655 is also ideal for applications in precision in- 
struments and data acquisition systems. 


Features 

■ 1 6-bit monotonicity over temperature 
B Full potentiometer capability 

B Single 5V to 15V supply operation 
b 0V to 10V output with constant 40 kfi output imped- 
ance 

fl Offset error: ±0.002% of full scale 
a Full scale error: ±0.003% of full scale 

■ Full scale tempco: ±0.3 ppm/°C 

a Integral nonlinearity: ±0.’012% or ±0.05% 

B Settling time: 14 ju,s to 16 bits 
B Output noise: 25 nV/>/Hz 
b Supply current: 300 juA 
B STD 0.6" 24-pin dual-in-line package 


Typical Application 


Connection Diagram 



Dual-In-Line Package 
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Sample and Hold 
Definition of Terms 


Acquisition Time: The time required to acquire a new ana- 
log input voltage with an output step of 10V. Note that ac- 
quisition time is not just the time required for the output to 
settle, but also includes the time required for all internal 
nodes to settle so that the output assumes the proper value 
when switched to the hold mode. 

Aperture Time: The delay required between “Hold” com- 
mand and an input analog transition, so that the transition 
does not affect the held output. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV with a 
given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 


-Gain Error: The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a percent dif- 
ference. 

Hold Settling Time: The time required for the output to 
settle within 1 mV of final value after the “hold” logic com- 
mand. 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold mode 
with a steady (DC) analog input voltage. Logic swing is 5V. 
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Sample and Hold Selection Guide 



LF198A 

LF398A 

LF198 

LF398 

LF298 

Units 

Accuracy 

Gain/Offset Error 

0.01 

0.01 

0.02 

0.02 

0.02 

% Max 

Offset Voltage 

2 

3 

5 

10 

5 


Droop Rate (25°C) 







C s - 1 000 pF 

30 

30 

30 

30 

30 

mV/sec 

C s = 1 0000 pF 

3 

3 

3 

3 

3 


Acquisition Time (25°C) 







C s = 1000 pF 

4 

4 

4 

4 

4 

fxS 

C s = 10000 pF 

20 

20 

20 

20 

20 


Aperture Time (25°C) 

25 

25 

25 

25 

25 

ns 

Temperature Range 

-55 to +125 

Oto +70 


Oto +70 

-25 to +85 

°C 

Comment 

Low Drift 

Low Drift 

General 

Purpose 

General 

Purpose 
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LF 1 98/LF298/LF398, LF198A/LF398A 
Monolithic Sample and Hold Circuits 


General Description 

The LF198/LF298/LF398 are monolithic sample and hold 
circuits which utilize BI-FET technology to obtain ultra-high 
dc accuracy with fast acquisition of signal and low droop 
rate. Operating as a unity gain follower, dc gain accuracy is 
0.002% typical and acquisition time is as low as 6 ^s to 
0.01%. A bipolar input stage is used to achieve low offset 
voltage and wide bandwidth. Input offset adjust is accom- 
plished with a single pin, and does not degrade input offset 
drift. The wide bandwidth allows the LF198 to be included 
inside the feedback loop of 1 MHz op amps without having 
stability problems. Input impedance of 10i°a allows high 
source impedances to be used without degrading accuracy. 
P-channel junction FET’s are combined with bipolar devices in 
the output amplifier to give droop rates as low as 5 mV/min 
with a 1 juF hold capacitor. The JFET’s have much lower 
noise than MOS devices used in previous designs and do 
not exhibit high temperature instabilities. The overall design 
guarantees no feed-through from input to output in the hold 
mode, even for input signals equal to the supply voltages. 


Features 

■ Operates from ±5V to ±18V supplies 

■ Less than 10 /as acquisition time 

■ TTL, PMOS, CMOS compatible logic input 

■ 0.5 mV typical hold step at C h = 0.01 jtxF 

■ Low input offset 

■ 0.002% gain accuracy 

■ Low output noise in hold mode 

■ Input characteristics do not change during hold mode 

■ High supply rejection ratio in sample or hold 

■ Wide bandwidth 

Logic inputs on the LF1 98 are fully differential with low input 
current, allowing direct connection to TTL, PMOS, and 
CMOS. Differential threshold is 1.4V. The LF198 will oper- 
ate from ±5V to ±18V supplies. It is available in an 8-lead 
TO-5 package. 

An “A” version is available with tightened electrical specifi- 
cations. 


Typical Connection and Performance Curve 



HOLD CAPACITOR ( m F) TL/H/5692-2 


Connection Diagrams 

Metal Can Package 


Dual-ln-Line Package 



Order Number LF398N or LF398AN 
See NS Package Number N08E 


LOGIC 



Order Number LF198H, LF298H, 
LF398H, LF198AH or LF398AH 
See NS Package Number H08C 
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LF198/LF298/LF398/LF198A/LF398A 



LF1 98/LF298/LF398/LF1 98A/LF398A 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage ± 1 8V 

Power Dissipation (Package Limitation) (Note 1) 500 mW 

Operating Ambient Temperature Range 
LF198/LF198A -55°Cto +125°C 

LF298 — 25°C to +85°C 

LF398/LF398A 0°C to + 70°C 

Storage T emperature Range - 65°C to + 1 50°C 


Input Voltage Equal to Supply Voltage 

Logic T o Logic Reference Differential Voltage + 7 V, - 30V 
(Note 2) 

Output Short Circuit Duration Indefinite 

Hold Capacitor Short Circuit Duration 1 0 sec 

Lead Temperature (Soldering, 10 seconds) 260°C 

Thermal Resistance (0ja) (typicals) 

H package 215°C/W (Board mount in still air) 

85°C/W (Board mount in 400LF/min air flow) 
N package 1 1 5°C/W 
0jc (typical) 20°C/W 


Electrical Characteristics (Note 3) 


Parameter 

Conditions 

LF198/LF298 

LF398 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage, (Note 6) 

Tj = 25°C 


1 

3 


2 

7 

mV 


Full Temperature Range 



5 



10 

mV 

Input Bias Current, (Note 6) 

Tj = 25°C 


5 

25 


10 

50 

nA 


Full Temperature Range 



75 



100 

nA 

Input Impedance 

Tj = 25°C 


1010 



1010 


ft 

Gain Error 

Tj = 25°C, R l = 10k 


0.002 

0.005 


0.004 

0.01 

% 


Full Temperature Range 



0.02 



0.02 

% 

Feedthrough Attenuation Ratio 
at 1 kHz 

Tj = 25°C, C h = 0.01 jxF 

86 

96 


80 

90 


dB 

Output Impedance 

Tj = 25°C, “HOLD” mode 


0.5 

2 


0.5 

4 

ft 


Full Temperature Range 



4 



6 

ft 

“HOLD” Step, (Note 4) 

Tj = 25°C, C h = 0.01 juF, V 0 UT = 0 


0.5 

2.0 


1.0 

2.5 

mV 

Supply Current, (Note 6) 

Tj^25°C 


4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 
Current 

Tj = 25°C 


2 

10 


2 

10 

|llA 

Leakage Current into Hold 

Tj = 25°C, (Note 5) 


30 

100 


30 

200 

PA 

Capacitor (Note 6) 

Hold Mode 








Acquisition Time to 0.1 % 

AVqut = 10V, C h = 1000 pF 


4 



4 


fxS 


C h = 0.01 julF 


20 



20 


jtxS 

Hold Capacitor Charging Current 

V|N-VoUT = 2V 


5 



5 


mA 

Supply Voltage Rejection Ratio 

Vqut = o 

80 

110 


80 

110 


dB 

Differential Logic Threshold 

Tj = 25°C 

0.8 

1.4 

2.4 

0.8 

1.4 

2.4 

V 


5-6 



Electrical Characteristics (continued) (Note 3) 


Parameter 

Conditions 

LF198A 

LF398A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Input Offset Voltage, (Note 6) 

Tj = 25°C 


1 

1 


2 

2 

mV 


Full Temperature Range 



2 



3 

mV 

Input Bias Current, (Note 6) 

Tj = 25°C 


5 

25 


10 

25 

nA 


Full Temperature Range 



75 



50 

nA 

Input Impedance 

Tj = 25°C 


ioio 



1010 


a 

Gain Error 

Tj = 25°C, R L = 10k 


0.002 

0.005 


0.004 

0.005 

% 


Full Temperature Range 



0.01 



0.01 

% 

Feedthrough Attenuation Ratio 
at 1 kHz 

Tj = 25°C, C h = 0.01 jllF 

86 

96 


86 

90 


dB 

Output Impedance 

Tj = 25°C, “HOLD” mode 


0.5 

1 


0.5 

1 

a 


Full Temperature Range 



4 



6 

a 

“HOLD” Step, (Note 4) 

Tj = 25°C, C h = 0.01 jutF, V 0 UT = 0 


0.5 

1 


1.0 

1 

mV 

Supply Current, (Note 6) 

Tj^25°C 


4.5 

5.5 


4.5 

6.5 

mA 

Logic and Logic Reference Input 
Current 

Tj = 25°C 


2 

10 


2 

10 

fJL A 

Leakage Current into Hold 

Tj = 25°C, (Note 5) 


30 

100 


30 

100 

pA 

Capacitor (Note 6) 

Hold Mode 








Acquisition Time to 0.1 % 

AVqut = 10V, C h = 1000 pF 


4 

6 


4 

6 

JU/S 


Ch = 0.01 /xF 


20 

25 


20 

25 

/AS 

Hold Capacitor Charging Current 

V|N“VoUT = 2V 


5 



5 


mA 

Supply Voltage Rejection Ratio 

VOUT = 0 

90 

110 


90 

110 


dB 

Differential Logic Threshold 

Tj = 25°C 

0.8 

1.4 

2.4 

0.8 

1.4 

2.4 

V 


Note 1: The maximum junction temperature of the LF198/LF198A is 150°C, for the LF298, 1 15°C, and for the LF398/LF398A, 100°C. When operating at elevated 
ambient temperature,. the power dissipation must be derated based on a thermal resistance (0jA) of 150°C/W. 


Note 2: Although the differential voltage may not exceed the limits given, the common-mode voltage on the logic pins may be equal to the supply voltages without 
causing damage to the circuit. For proper logic operation, however, one of the logic pins must always be at least 2V below the positive supply and 3V above the 
negative supply. 

Note 3: Unless otherwise specified, the following conditions apply. Unit is in “sample" mode, Vs = ± 1 5V, Tj = 25°C, - 1 1 .5V ^ Vin ^ +11 -5V,Ch = 0.01 juF, 
and R[_ = 10 kft. Logic reference voltage = OV and logic voltage = 2.5 V. 

Note 4: Hold step is sensitive to stray capacitive coupling between input logic signals and the hold capacitor. 1 pF, for instance, will create an additional 0.5 mV 
step with a 5V logic swing and a 0.01 jxF hold capacitor. Magnitude of the hold step is inversely proportional to hold capacitor value. 

Note 5: Leakage current is measured at a junction temperature of 25°C. The effects of junction temperature rise due to power dissipation or elevated ambient can 
be calculated by doubling the 25°C value for each 11°C increase in chip temperature. Leakage is guaranteed over full input signal range. 

Note 6: These parameters guaranteed over a supply voltage range of ±5 to +18V, and an input range of -Vs + 3.5V £ Vin ^ +Vs - 3.5V. 


Typical Performance Characteristics 


Aperture Time* 



JUNCTION TEMPERATURE (°C) 


Dielectric Absorption 
Error in Hold Capacitor 

ijPOLYPROPYLENE^j 



SAMPLE TIME (ms) 



INPUT SLEW RATE (V/ms) 


*See Definition of Terms 


TL/H/5692-3 


5-7 


LF1 98/LF298/LF398/LF 1 98A/LF398A 



LF198/LF298/LF398/LF198A/LF398A 


Typical Performance Characteristics (Continued) 

Output Droop Rate Hold Step 




-50 -25 0 25 50 75 100 125 150 


HOLD CAPACITOR 


HOLD CAPACITOR 


JUNCTION TEMPERATURE (°C) 

*See definition 


Leakage Current into Hold 
Capacitor 



-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE (°C| 


Phase and Gain (Input to 
Output, Small Signal) 



Gain Error 



-15 -10 -5 0 5 10 15 

INPUT VOLTAGE (V) 


Power Supply Rejection 



100 Ik 10k 100k 1M 


Output Short Circuit Current 



-50 -25 0 25 50 75 100 125 150 


Output Noise 



10 100 Ik 10k 100k 


FREQUENCY (Hz) 


JUNCTION TEMPERATURE (°C) 


FREQUENCY (Hz) 



-50 -25 0 25 50 75 100 125 150 


Feedthrough Rejection Ratio 
(Hold Mode) 



1 10 100 Ik 10k 100k 1M 


Hold Step vs Input Voltage 



JUNCTION TEMPERATURE (°C) 


FREQUENCY (Hz) 


INPUT VOLTAGE (V) 


TL/H/5692-4 
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Typical Performance Characteristics (Continued) 

Output T ransient at Start Output Transient at Start 

of Sample Mode of Hold Mode 























i?” 

= 0.001mf| 


M : 























J L_J 

3 kHz 

LJ 

LT 

H=0.01>xf| 

2 

-SAMPLE RATE > 3 kHz 

□ 


0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 

™ E 0«) TL/H/5692-12 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 

TIME {fj. s) TL/H/5692-13 


Logic Input Configurations 


TTL & CMOS 
3V <; V L (Hi State) ^ 7V 


JT 


•— H0L0 
Threshold = 1 .4V 


JT 


SAMPLE 

Threshold = 1.4V 
Select for 2.8V at pin 8 


CMOS 

7V £ V L (Hi State) ^ 15V 


JT 



Threshold = 0.6 (V+) + 1.4V 


jt; 



Threshold = 0.6 (V+) - 1.4V 


Op Amp Drive 


+13V SAMPLE 

B.2k 

— — — — AAAr 

13— t— HOLD 


♦ 13V «— — — i HOLD 

-13V — L— SAMPLE 



Threshold +4V 


Threshold = -4V 
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LF 1 98/LF298/LF398/LF 1 98A/LF398A 


Application Hints 

Hold Capacitor 

Hold step, acquisition time, and droop rate are the major 
trade-offs in the selection of a hold capacitor value. Size 
and cost may also become important for larger values. Use 
of the curves included with this data sheet should be helpful 
in selecting a reasonable value of capacitance. Keep in 
mind that for fast repetition rates or tracking fast signals, the 
capacitor drive currents may cause a significant tempera- 
ture rise in the LF198. 

A significant source of error in an accurate sample and hold 
circuit is dielectric absorption in the hold capacitor. A mylar 
cap, for instance, may “sag back” up to 0.2% after a quick 
change in voltage. A long “soak” time is required before the 
circuit can be put back into the hold mode with this type of 
capacitor. Dielectrics with very low hysteresis are polysty- 
rene, polypropylene, and Teflon. Other types such as mica 
and polycarbonate are not nearly as good. Ceramic is unus- 
able with > 1 % hysteresis. The advantage of polypropylene 
over polystyrene is that it extends the maximum ambient 
temperature from 85°C to 100°C. “NPO” or “COG” capaci- 
tors are now available for 1 25°C operation and also have 
low dielectric absorption. For more exact data, see the 
curve Dielectric Absorption Error. The hysteresis numbers 
on the curve are final values, taken after full relaxation. The 
hysteresis error can be significantly reduced if the output of 
the LF198 is digitized quickly after the hold mode is initiated. 
The hysteresis relaxation time constant in polypropylene, for 
instance, is 10—50 ms. If A-to-D conversion can be made 
within 1 ms, hysteresis error will be reduced by a factor of 
ten. 

DC and AC Zeroing 

DC zeroing is accomplished by connecting the offset adjust 
pin to the wiper of a 1 kft potentiometer which has one end 
tied to V+ and the other end tied through a resistor to 
ground. The resistor should be selected to give ~0.6 mA 
through the Ik potentiometer. 

AC zeroing (hold step zeroing) can be obtained by adding 
an inverter with the adjustment pot tied input to output. A 
1 0 pF capacitor from the wiper to the hold capacitor will give 
±4 mV hold step adjustment with a 0.01 juF hold capacitor 
and 5 V logic supply. For larger logic swings, a smaller ca- 
pacitor (< 10 pF) may be used. 

Logic Rise Time 

For proper operation, logic signals into the LF1 98 must have 
a minimum dV/dt of 1.0 V/jas. Slower signals will cause 
excessive hold step. If a R/C network is used in front of the 
logic input for signal delay, calculate the slope of the wave- 
form at the threshold point to ensure that it is at least 
1.0 V/jus. 

Sampling Dynamic Signals 

Sample error to moving input signals probably causes more 
confusion among sample-and-hold users than any other pa- 
rameter. The primary reason for this is that many users 
make the assumption that the sample and hold amplifier is 
truly locked on to the input signal while in the sample mode. 
In actuality, there are finite phase delays through the circuit 
creating an input-output differential for fast moving signals. 
In addition, although the output may have settled, the hold 
capacitor has an additional lag due to the 30011 series resis- 


tor on the chip. This means that at the moment the “hold” 
command arrives, the hold capacitor voltage may be some- 
what different than the actual analog input. The effect of 
these delays is opposite to the effect created by delays in 
the logic which switches the circuit from sample to hold. For 
example, consider an analog input of 20 Vp-p at 10 kHz. 
Maximum dV/dt is 0.6 V/jus. With no analog phase delay 
and 100 ns logic delay, one could expect up to (0.1 jus) 
(0.6V//XS) = 60 mV error if the “hold" signal arrived near 
maximum dV/dt of the input. A positive-going input would 
give a +60 mV error. Now assume a 1 MHz (3 dB) band- 
width for the overall analog loop. This generates a phase 
delay of 1 60 ns. If the hold capacitor sees this exact delay, 
then error due to analog delay will be (0.16 jits) (0.6 V/p,s) 
= -96 mV. Total output error is +60 mV (digital) -96 mV 
(analog) for a total of -36 mV. To add to the confusion, 
analog delay is proportioned to hold capacitor value while 
digital delay remains constant. A family of curves (dynamic 
sampling error) is included to help estimate errors. 

A curve labeled Aperture Time has been included for sam- 
pling conditions where the input is steady during the sam- 
pling period, but may experience a sudden change nearly 
coincident with the “hold” command. This curve is based on 
a 1 mV error fed into the output. 

A second curve, Hold Settling Time indicates the time re- 
quired for the output to settle to 1 mV after the “hold” com- 
mand. 

Digital Feedthrough 

Fast rise time logic signals can cause hold errors by feeding 
externally into the analog input at the same time the amplifi- 
er is put into the hold mode. To minimize this problem, 
board layout should keep logic lines as far as possible from 
the analog input. Grounded guarding traces may also be 
used around the input line, especially if it is driven from a 
high impedance source. Reducing high amplitude logic sig- 
nals to 2.5 V will also help. 


Guarding Technique 


v + 



Use 10-pin layout. Guard around Ch is tied to output. 
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Functional Diagram 


OFFSET 



Typical Applications (Continued) 


X1000 Sample & Hold 



'For lower gains, the LM108 must be frequency compensated 
100 

Use ~ — - pF from comp 2 to ground 


Sample and Difference Circuit 
(Output Follows Input in Hold Mode) 



VoUT = V B + AV| N (HOLD MODE) 

TL/H/5692-7 





Typical Applications (Continued) 


Ramp Generator with Variable Reset Level 


RESET 3 
LEVEL O— 


:in_ 



AV 1.2V 

’Select for ramp rate "Tf ~ THoTTFT 
R2>l0k AT (R2) (Ch) 


Integrator with Programmable Reset Level 


DIFFERENTIAL 

INTEGRATING 

INPI 



Vour (Hold Mode)- 1 f*V, N dtl + [v R 
L (R1) (C h ) J o 


Output Holds at Average of Sampled Input 


Increased Slew Current 


INPUT O— H LF198 OUTPUT 



Select (R h ) (C h ) > : 


Reset Stabilized Amplifier (Gain of 1000) 


Fast Acquisition, Low Droop Sample & Hold 


LiNi v- 


12k < LH0042H 


m ^ 

. 2N51 16 |3J 
INPUT 0—1 r 9 —\ + . 


IJL 


. I L RESET PULSE 

“ ~ > 2 ms 

V 0 s ^ 2 0/u.V (No trim) 

Zi N « 1 Mil 



TL/H/5692-8 




Typical Applications (Continued) 

Synchronous Correlator for Recovering 

Signals Below Noise Level 2-Channel Switch 



15V 



"B" INPUT 


A B 

Gain 1 ± 0.02% 1 ± 0.2% 
Z| N 101 Oft 47 kft 

BW = 1 MHz = 400 kHz 

Crosstalk -90 dB -90 dB 
@ 1 kHz 

Offset ^ 6 mV ^ 75 mV 



'Select for step height 


TL/H/5692-9 
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Typical Applications (Continued) 


Capacitor Hysteresis Compensation 


Differential Hold 



v + 



Definition of Terms 

Hold Step: The voltage step at the output of the sample 
and hold when switching from sample mode to hold mode 
with a steady (dc) analog input voltage. Logic swing is 5V. 
Acquisition Time: The time required to acquire a new ana- 
log input voltage with an output step of 10V. Note that ac- 
quisition time is not just the time required for the output to 
settle, but also includes the time required for all internal 
nodes to settle so that the output assumes the proper value 
when switched to the hold mode. 

Gain Error: The ratio of output voltage swing to input volt- 
age swing in the sample mode expressed as a per cent 
difference. 


Hold Settling Time: The time required for the output to 
settle within 1 mV of final value after the “hold” logic com- 
mand. 

Dynamic Sampling Error: The error introduced into the 
held output due to a changing analog input at the time the 
hold command is given. Error is expressed in mV with a 
given hold capacitor value and input slew rate. Note that 
this error term occurs even for long sample times. 
Aperture Time: The delay required between “Hold” com- 
mand and an input analog transition, so that the transition 
does not affect the held output. 
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PRELIMINARY 


LF 1 3006/LF 1 3007 Digital Gain Set 


General Description 

The LF13006 and LF13007 are precision digital gain sets 
used for accurately setting non-inverting op amp gains. 
Gains are set with a 3-bit digital word which can be latched 
in with WR and CS pins. All digital inputs are TTL and CMOS 
compatible. 

The LF13006 shown below will set binary scaled gains of 1 , 
2, 4, 8, 16, 32, 64, and 128. The LF13007 will set gains of 1, 
2, 5, 10, 20, 50, and 100 (a common attenuator sequence). 
In addition, both versions have several taps and two uncom- 
mitted matching resistors that allow customization of the 
gain. 

The gains are set with precision thin film resistors. The low 
temperature coefficient of the thin film resistors and their 
excellent tracking result in gain ratios which are virtually in- 
dependent of temperature. 


The LF13006, LF13007 used in conjunction with an amplifi- 
er not only satisfies the need for a digitally programmable 
amplifier in microprocessor based systems, but is also use- 
ful for discrete applications, eliminating the need to find 
0.5% resistors in the ratio of 100 to 1 which track each 
other over temperature. 

Features 

■ TTL and CMOS compatible logic levels 

■ Microprocessor compatible 

■ Gain error 0.5% max 

■ Binary or scope knob gains 

■ Wide supply range + 5V to ± 18V 

■ Packaged in 16-pin DIP 


Block Diagram and Typical Application (LF 13006 ) 



Note: R = 15kn 


Order Number LF13006N or LF13007N 
See NS Package Number N16A 


5 
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LF1 3006/LF1 3007 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Supply Voltage, V + to V - 36V 

Supply Voltage, V + to GND 25V 

Voltage at Any Digital Input V+ to GND 

Analog Voltage V+ to (V~ + 2V) 


Electrical Characteristics (Note 2 ) 




Typ 

(Note 3) 

Tested 

Design 


Parameter 

Conditions 

Limit 
(Note 4) 

Limit 
(Note 5) 

Units 

Gain Error 

a OU t=±iov 

ANA GND = 0V 

0.3 

0.5 

0.5 

%(max) 


l|NPUT <10 nA 





Gain Temperature Coefficient 

a OUT = ±10V 

ANA GND = 0V 

0.001 



%/°C 

Digital Input Voltage 






Low 


1.4 

0.8 

0.8 

V(max) 

High 


1.6 

2.0 

2.0 

V(min) 

Digital Input Current 






Low 

V| L = 0V 

-38 

-100 

-100 

jnA(max) 

High 

V,h = 5V 

0.0001 

1 

1 

/xA(max) 

Positive Power Supply Current 

All Logic Inputs Low 

2 

5 

5 

mA(max) 

Negative Power Supply Current 

All Logic Inputs Low 

-1.7 

-5 

-5 

mA(max) 

Write Pulse Width, tyy 

V| L =0V, V| H = 5V 

40 


100 

ns(min) 

Chip Select Set-Up Time, tcs 

V| L =0V, V| H = 5V 

60 


120 


Chip Select Hold Time, tcH 

V| L = 0V, V| H = 5V 

0 


O 

ns(min) 

DIG IN Set-Up Time, tps 

V| L =0V, V|h = 5V 

80 


150 

ns(min) 

DIG IN Hold Time, t DH 

V| L = 0V, V| H = 5V 

0 


o 

ns(min) 

Switching Time for Gain Change 

(Note 4) 

200 



ns(max) 

Switch On Resistance 


3 



k a 

Unit Resistance, R 


15 

12-18 


k a 

R1 and R2 Mismatch 


0.3 

0.5 

0.5 

%(max) 

R1 /R2 Temperature Coefficient 


0.001 



%/°C 


Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its specified operating conditions. 

Note 2: Parameters are specified at V+ = 15V and V - = - 15V. Min V+ to ground voltage is 5V. Min V+ to V~ voltage is 5V. Boldface numbers apply over full 
operating temperature ranges. All other numbers apply at TA = Tj=25°C. 

Note 3: Typicals are at 25°C and represent most likely parametric norm. 

Note 4: Guaranteed and 100% production tested. 

Note 5: Guaranteed (but not 100% production tested) over the operating temperature. These limits are not used to calculate outgoing quality levels. 

Note 6: Settling time for gain change is the switching time for gain change plus settling time (see section on Settling Time). 

Note 7: WR minimum high threshold voltage increases to 2.4V under the extreme conditions when all three digital inputs are simultaneously taken from 0V to 5V at 
a slew rate of greater than 500V/jxS. 

Connection Diagram 

Dual-ln-Line Package 

DIG GND 
INPUT 

v- 
v + 

EXT 
Bout 
WR 
DIG IN 1 

TOP VIEW TL/H/51 14-2 


TZT 


— Rc 

— R1 

— Aour 

— cs 

— DIG IN 3 

— DIG IN 2 


GAIN TABLE 


Digital Input 

Gain | 

LF 13006 

LF 13007 

DIG in 1 

DIG in 2 

DIG in 3 

Aout 

B OUT 

Aout 

b out 

0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

2 

1.25 

1.25 

1 

0 

1 

0 

4 

2.5 

2 

1.6 

0 

1 

1 

8 

5 

5 

4 

1 

0 

0 

16 

10 

10 

8 

1 

0 

1 

32 

20 

20 

16 

1 

1 

0 

64 

40 

50 

40 

1 

1 

1 

128 

80 

100 

80 


Operating Ratings (Note i) 

Operating T emperature Range - 40°C to + 85°C 

Lead Temp. (Soldering, 1 0 seconds) 260°C 
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Application Information 

FLOW-THROUGH OPERATION 

TH E LF13006, LF13007 can be operated with control lines 
CS and WR grounded. In this mode new data on the digital 
inputs will immediately set the new gain value. Input data 
cannot be latched in this mode. 

INPUT CURRENT 

Current flowing through the input (pin 2) due to bias current 
of the op amp will result in a gain error due to switch imped- 
ance. Normally this error is very small. For example, 10 nA 
of bias current flowing through 3 kn of switch resistance will 
result in an error of 30 /xV at the summing node. However, 
applications that have significant current flowing through the 
input must take this effect into account. 

SETTLING TIME 

Settling time is a function of the particular op amp used with 
the LF1 3006/7 and the gain that is selected. It can be opti- 
mized and stability problems can be prevented through the 


use of a lead capacitor from the inverting input to the output 
of the amplifier. A lead capacitor is effective whenever the 
feedback around an amplifier is resistive, whether with dis- 
crete resistors or with the LF1 3006/7. It compensates for 
the feedback pole created by the parallel resistance and 
capacitance from the inverting input of the op amp to AC 
ground. 

Settling Time Test Circuit 


LF13006 



TL/H/51 14-6 


Typical Settling Time Curves 



* Unstable at Cl less than 2 pF 
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Typical Applications 

Variable Capacitance Multiplier 


Variable Time Constant Filter 


^effective — Cl (gain set #) 

Note: Output swing at input op amp 


1/2 LF412 j s multiplied by set gain. Signal 



N = setting of LF13006 
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LF13006/LF13007 




Typical Applications (Continued) 

Programmable Current Source Switchable Gain of ± 1 



Inverting Gains 

DIGITAL 

CONTROL 


4 - 



IN 


TL/H/51 14-12 

Inverting gain with high input im- 
pedance can be obtained with the 
LF13006, LF13007 by using the two 
on-board resistors and a dual op 
amp as shown. 



Programmable Differential Amp 

DIGITAL 

IN 





TL/H/51 14-13 


Note 1: Actual gain = set gain-1 
since LF 13006s are in 
“inverting mode”. 

Note 2: Set gain must be 
same on both LF1 3006s. 






Typical Applications (Continued) 


Altered Gain Range 


One Octave per Bit Function Generator 

k. 1/3LF347 



Variable Gains of Almost 1 



TL/H/51 14-16 


TL/H/51 14-15 


GAINS 

Aout 

b OUT 

1 

1 

1.8 

1.2 

3 

2 

4.5 

3 

6 

4 

7.2 

4.8 

8 

5.33 

8.47 

5.65 


Programmable Instrumentation Amp 

i/p i pupa 



Attenuator (0 dB to -42 dB in 6 dB steps) 

INPUT 



Aout 

LF13006 

* 

► INPUT 

< 

< 

> ’ 

ANA 


GND 


Note 1: Vout = N (A-B), N = set gain. 
Note 2: All 10k resistors 0.1% matched. 








LH0023/LH0023C/LH0043/LH0043C 



National 

Semiconductor 


LH0023/LH0023C/LH0043/LH0043C Sample 
and Hold Circuits 


General Description 

The LH0023/LH0023C and LH0043/LH0043C are com- 
plete sample and hold circuits including input buffer amplifi- 
er, FET output amplifier, analog signal sampling gate, TTL 
compatible logic circuitry and level shifting. They are de- 
signed to operate from standard ±15V DC supplies, but 
provision is made on the LH0023/LH0023C for connection 
of a separate + 5V logic supply in minimum noise applica- 
tions. The principal difference between the LH0023/ 
LH0023C and the LH0043/LH0043C is a 10:1 trade-off in 
performance between sample accuracy and sample acquisi- 
tion time. Devices are pin compatible except for TTL logic 
polarity. 

The LH0023/LH0023C and LH0043/LH0043C are ideally 
suited for a wide variety of sample and hold applications 
including data acquisition, analog to digital conversion, syn- 
chronous demodulation, and automatic test setup. They of- 
fer significant cost and size reduction over equivalent mod- 
ule or discrete designs. Each device is available in a her- 
metic TO-8 package and is completely specified over both 
full military and industrial temperature ranges. 

The LH0023 and LH0043 are specified for operation over 
the -55°C to +125°C military temperature range. The 
LH0023C and LH0043C are specified for operation over the 
-25°C to +85°C temperature range. 


Features 

LH0023/LH0023C 

■ Sample accuracy-0.01 % max 

■ Hold drift rate-0.5 mV/sec typ 

■ Sample acquisition time- 100 jus max for 20V 

■ Aperture time- 150 ns typ 

■ Wide analog input range- ± 10V min 

■ Logic input-TTL/DTL compatible 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit proof 

LH0043/LH0043C 

■ Sample acquisition time- 15 /ns max for 20V 

4 juts typ for 5V 

■ Aperture time-20 ns typ 

■ Hold drift rate-1 mV/sec typ 

■ Sample accuracy-0.1 % max 

■ Wide analog input range- ± 10V min 

■ Logic input-TTL/DTL compatible 

■ Offset adjustable to zero with single 10k pot 

■ Output short circuit protection 


Connection Diagrams 

LH0023/LH0023C LH0043/LH0043C 

NC STORAGE N.C. STORAGE 




TOP VIEW TL/K/5693-8 

TL/K/5693-1 


Order Number LH0023G or 
LH0023CG or LH0043G or 
LH0043CG 

See Package Number G12B 
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National 

Semiconductor 

Corporation 


LH0053/LH0053C High Speed 
Sample and Hold Amplifier 


General Description 

The LH0053/LH0053C is a high speed sample and hold 
circuit capable of acquiring a 20V step signal in under 
5.0 jis. 

The device is ideally suited for a variety of high speed data 
acquisition applications including analog buffer memories 
for A to D conversion and synchronous demodulation. 


Features 

■ Sample acquisition time 10 juls max. for 20V signal 

■ FET switch for preset or reset function 

■ Sample accuracy null 

■ Offset adjust to 0V 

■ DTL/TTL compatible FET gate 

■ Single storage capacitor 


Schematic and Connection Diagrams 

FEEDBACK V + 


STORAGE 

CAPACITOR 


Meta! Can Package 



AC Test Circuit 


Acquisition Time Test Circuit 

20 k Q. 47 k& 



TL/H/9251-3 


5 
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LH0091 


National 

Semiconductor 

Corporation 


PRELIMINARY 




LH0091 True RMS to DC Converter 


General Description 

The LH0091, rms to dc converter generates a dc output 
equal to the rms value of any input per the transfer function: 


Eout(DC) = Vf/o E,N 2 (t) dt 

The device provides rms conversion to an accuracy of 0.1 % 
of reading using the external trim procedure. It is possible to 
trim for maximum accuracy (0.5 mV ±0.05% typ) for decade 
ranges i.e., 10 mV — > 100 mV, 0.7V — ► 7V, etc. 

Block and Connection Diagrams 



Dual-ln-Line Package 
Order Number LH0091D or LH0091CD 
See Package D16D 


Features 

■ Low cost 

■ True rms conversion 

■ 0.5% of reading accuracy untrimmed 

■ 0.05% of reading accuracy with external trim 

■ Minimum component count 

■ Input voltage to +15V peak for V$= ±15V 

■ Uncommitted amplifier for filtering, gain, or high crest 
factor configuration 

■ Military or commercial temperature range. 


Dual-ln-Line Package 



Simplified Schematic 
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Absolute Maximum Ratings 





If Military/ Aerospace specified devices are required, Operating Temperature Range 

Tmin 

TMAX 

contact the National Semiconductor Sales Office/ LH0091 



— 55°C 

125°C 

Distributors for availability and specifications. LH0091C 



— 25°C 

85°C 

Supply Voltage 


±22V Storage Temperature Range 



Input Voltage 


± 15V peak LH0091 



— 65°C to + 1 50°C 

Output Short Circuit Duration 


Continuous LH0091C 



— 25°C to +85°C 


Lead Temp. (Soldering, 10 seconds) 


260°C 

Electrical Characteristics v s = ±isv, t a =25°c unless otherwise noted 




Transfer Function = Eq(dc) = 

T E, N 2(t) dt 

0 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

ACCURACY (See Definition of Terms) 

Total Unadjusted Error 

50 mVrms^V|N^7Vrms (Figure 1) 


20, ±0.5 

40, ±1.0 

mV, % 

Total Adjusted Error 

50 mVrms^V|N^7Vrms (Figure 3) 


0.5, ±0.05 

1, ±0.2 

mV, % 

Total Unadjusted Error vs Temperature 

-25°C<:T a ^ + 70 o C 


0.25, ±0.2% 


mV, %/°C 

Total Unadjusted Error vs Supply Voltage 



1 


mV/V 

AC PERFORMANCE 

Frequency for Specified Adjusted Error 

Input = 7Vrms, Sinewave (Figure 3) 

30 

70 


kHz 



Input = 0.7Vrms, Sinewave (Figure 3) 


40 


KHz 



lnput= 0.1 Vrms, Sinewave (Figure 3) 


20 


kHz 

Frequency for 1 % Additional Error 


Input = 7Vrms, Sinewave (Figure 3) 

100 

200 


kHz 



Input = 0.7Vrms, Sinewave (Figure 3) 


75 


kHz 



Input = 0.1 Vrms, Sinewave (Figure 3) 


50 


kHz 

Bandwidth (3 dB) 


lnput= 7Vrms, Sinewave (Figure 3) 


2 


MHz 



lnput=0.7Vrms, Sinewave (Figure 3) 


1.5 


MHz 



Input = 0.1 Vrms, Sinewave (Figure 3) 


0.8 


MHz 

Crest Factor 

Rated Adjusted Accuracy Using the High 
Crest Factor Circuit (Figure 5) 

5 

10 



INPUT CHARACTERISTICS 

Input Voltage Range 

For Rated Performance 

±0.05 


±11 

Vpeak 

Input Impedance 


4.5 

5 


k CL 

OUTPUT CHARACTERISTICS 

Rated Output Voltage 

R u ^2.5kH 

10 



V 

Output Short Circuit Current 



22 


mA 

Output Impedance 



1 


Cl 

POWER SUPPLY REQUIREMENTS 

Operating Range 


±5 


±20 

V 

Quiescent Current 

V s = ± 15V 


14 

18 

mA 
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LH0091 


Op Amp Electrical Characteristics Vg= ± 1 5V, Ta= 25°C unless otherwise noted 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Vos 

Input Offset Voltage 

Rg^ 1 0 kfl 


1.0 

10 

mV 

>os 

Input Offset Current 



4.0 

200 

nA 

•b 

Input Bias Current 



30 

500 

nA 

Rin 

Input Resistance 



2.5 


MH 

AoL 

Large Signal Voltage Gain 

VoUT= ±10V, R L ^2 kfl 

15 

160 


V/mv 

Vo 

Output Voltage Swing 

R = 10kH 

±10 

±13 


V 

V| 

Input Voltage Range 


±10 



V 

CMRR 

Common-Mode Rejection Ratio 

Rg^lO kn 


90 


dB 

PSRR 

Supply Voltage Rejection Ratio 

Rg^lOkn 


96 


dB 

isc 

Output Short-Circuit Current 



25 


mA 

S r 

Slew Rate (Unity Gain) 



0.5 


V/jus 

BW 

Small Signal Bandwidth 



1.0 


MHz 


Refer to RETS0091 D drawing for Military specifications. 


Typical Performance Characteristics 




Ik 10k 100k 1M 10 100 Ik 10k 


FREQUENCY (Hz) 


FREQUENCY (Hz) 


Error vs Crest Factor 



CREST FACTOR 


TL/H/5694-3 


Typical Applications (All applications require power supply by-pass capacitors.) 

e 0UT 



TL/H/5694-4 

Cext^ 1 nR frequency^ 1 kHz 

FIGURE 1. LH0091 Basic Connection (No Trim) 
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Typical Applications (Continued) 


R3 

10k 



Note. The easy trim procedure is used for ac coupled input signals. It in- 
volves two trims and can achieve accuracies of 2 mV offset ±0.1 % reading. 

Procedure: 

1. Apply 100 mV rms (sine wave) to input, adjust R3 until the output reads 
100 mVoc. 

2. Apply 5 V rrns (sine wave) to input, adjust R4 until the output reads 5 Vqq. 

3. Repeat steps 1 and 2 until the desired initial accuracy is achieved. 


I' I 3 I 4 I 5 I s l 7 J“ 

FIGURE 2. LH0091 “Easy Trim” (For ac Inputs Only) 


R3 

10k 



Note. This procedure will give accuracies of 0.5 mV offset ±0.05% reading 
for inputs from 0.05V peak to 1 0V peak. 

Procedure: 

1. Apply 50 mVoc to the input. Read and record the output. 

2. Apply -50 mVoc to the input. Use R2 to adjust for an output of the same 
magnitude as in step 1. 

3. Apply 50 mV to the input. Use R3 to adjust the output for 50 mV. 

4. Apply —50 mV to input. Use R2 to adjust the output for 50 mV. 

5. Apply ±10V alternately to the input. Adjust R1 until the output readings 
for both polarities are equal (not necessary that they be exactly 1 0V). 

6. Apply 10V to the input. Use R4 to adjust for 10V at the output. 

7. Repeat this procedure to obtain the desired accuracy. 


FIGURE 3. LH0091 Standard dc Trim Procedure 



Note. The additional op amp in the LH0091 may be used as a low pass filter 
as shown in Figure 4. 


Cl 



TL/H/5694-6 


FIGURE 4. Output Filter Connection Using the Internal Op Amp 


5 


5-27 


LH0091 





LH0091 


Typical Applications (Continued) 


10k 



TL/H/5694-7 

Note. Respond time of the dc output voltage is dominated 
by the RC time constant consisting of the total resistance 
between pins 9 and 1 0 and the external capacitor, C^x- 

FIGURE 5. High Crest Factor Circuit 


Definition of Terms 

True rms to dc Converter: A device which converts any 
signal (ac, dc, ac+ dc) to the dc equivalent of the rms value. 

Error: is the amount by which the actual output differs from 
the theoretical value. Error is defined as a sum of a fixed 
term and a percent of reading term. The fixed term remains 
constant, regardless of input while the percent of reading 
term varies with the input. 

Total Unadjusted Error: The total error of the device with- 
out any external adjustments. 

Bandwidth: The frequency at which the output dc voltage 
drops to 0.707 of the dc value at low frequency. 


Frequency for Specified Error: The error at low frequency 
is governed by the size of the external averaging capacitor. 
At high frequencies, error is dependent on the frequency 
response of the internal circuitry. The frequency for speci- 
fied error is the maximum input frequency for which the out- 
put will be within the specified error band (i.e., frequency for 
1 % error means the input frequency must be less than 200 
kHz to maintain an output with an error of less than 1 % of 
the initial reading. 

Crest Factor: is the peak value of a waveform divided by 
the rms value of the same waveform. For high crest factor 
signals, the performance of the LH0091 can be improved by 
using the high crest factor connection. 
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National 

Semiconductor 

Corporation 


LH0094 Multifunction Converter 


General Description 

The LH0094 multifunction converter generates an output 
voltage per the transfer function: 

/V z \ m 

E 0 = v y J , 0.1 £m£10, m continuously adjustable 
m is set by 2 resistors. 


Features 

■ Low cost 

■ Versatile 

■ High accuracy -0.05% 

■ Wide supply range - ±5V to ±22V 


■ Minimum component count 

■ Internal matched resistor pair for setting m = 2 and 
m = 0.5 

Applications 

■ Precision divider, multiplier 

■ Square root 

■ Square 

■ Trigonometric function generator 
n Companding 

■ Linearization 

■ Control systems 
n Log amp 


Block and Connection Diagrams 


Dual-In-Line Package 



E ° v v V C A4- V Ra RcOMMON r B 

TOP VIEW 
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LH0094 


Absolute Maximum Ratings (Notei) 








If Military /Aerospace specified devices are required, Operating Temperature Range 




contact the National Semiconductor Sales Office/ LH0094CD 



- 

-25°C to +85°C 

Distributors for availability and specifications. LH0094D 




- 

55°C to + 1 25°C 

Supply Voltage 

±22V Storage Temperature Range 




Input Voltage 

+ 22V LH0094D 




- 

65°C to + 1 50°C 

Output Short-Circuit Duration Continuous LH0094CD 



— 

55°C to + 1 25°C 


Lead Temperature 







(Soldering, 1 0 seconds) 




260°C 

Electrical Characteristics 








V S = ± 15V, T a 

v z m 

= 25°C unless otherwise specified. Transfer function: Eq = Vy tt - i 0-1 £ m £ 10; OV ^ V x , Vy, V z £ 10V 

Vx 



LH0094 


LH0094C 


Parameter 

Conditions 







Units 



Min 

Typ 

Max 


mSm 



ACCURACY 

Multiply 

E 0 = V z Vy (0.03 <! Vy^lOV; 0.01 ^V z ^1 0 V) 







% F.S. 

Untrimmed 

(Figure 2) 


0.25 

0.45 


0.45 

0.9 

(10V) 

External Trim 

(Figure 3) 


0.10 



0.1 


% F.S. 


vs. Temperature 


0.2 



0.2 


mV/°C 

Divide 

E 0 =10V Z /V X 








Untrimmed 

(Figure 4), 0.5 <; V x ^ 1 0; 0.0 1 ^ V z ^ 1 0) 


0.25 

0.45 


0.45 

0.9 

% F.S. 

External Trim 

(Figure 5), (0.1 ^V x ^10; 0.01 ^V z ^10) 


0.10 



0.1 


% F.S. 


vs. Temperature 


0.2 



0.2 


mV/°C 

Square Root 

E 0 =io>/vi7To 








Untrimmed 

(Figure 8), (0.03 ^ V z ^ 1 0 


0.25 

0.45 


0.45 

0.9 

% F.S. 

External Trim 

(Figure 9), (0.01 £V Z £10 


0.15 



0.15 


% F.S. 

Square 

E 0 = 10 (V z / 1 0)2 (0. 1 <; V z £ 1 0) 








Untrimmed 

(Figure 6) 

0.5 

1.0 


1.0 

2.0 

% F.S. 


External Trim 

(Figure 7) 

0.15 



0.15 


% F.S. 


Low Level 

E 0 =VToVzi 5.0mV<;V z <;l0V, (Figure 10) 


0.05 



0.05 


% F.S. 

Square Root 









Exponential 

m = 0.2, E 0 = 1 0 (V z / 1 0)2 (Figure 1 1), (0. 1 ^ V z £ 1 0) 


0.05 



0.08 


% F.S. 

Circuits 

m = 5.0, E 0 = 10 (V z /10)5 (Figure 11), (1.0^V Z ^10) 


0.05 



0.08 


% F.S. 

OUTPUT OFFSET 


V X =10V, V Y =V z =0 


2.0 

Q| 


5.0 

10 

mV | 

AC CHARACTERISTICS 

3 dB Bandwidth 

m = 1.0, V X =10V, Vy = 0.1 V rms 


10 



10 


kHz 

Noise 

1 0 Hz to 1 .0 kHz, m = 1 .0, Vy = V z = OV 









V x =10 V 


100 



100 


jutV/rms 


> 

d 

II 

£ 


300 



300 


jmV/rms 

EXPONENT 1 

m 


0.2 to 

0.1 to 


0.2 to 






5.0 

10 


5.0 




INPUT CHARACTERISTICS 

Input Voltage 

(For Rated Performance) 

0 


10 

0 


10 


Input Impedance 

(All Inputs) 

98 

100 


98 

100 



OUTPUT CHARACTERISTICS 

Output Swing 

(R L ^10k) 

10 

12 


10 

12 


V 

Output Impedance 



1.0 



1.0 


n 

Supply Current 

(V S =±15V) (Notei) 


3.0 

5.0 


3.0 

5.0 

mA 

Note 1: Refer to RETS0094D drawing for specifications of the military LH00940 version. 
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Applications Information 

GENERAL INFORMATION 

Power supply bypass capacitors (0.1 jaF) are recommended 
for all applications. 

The LH0094 series is designed for positive input signals 
only. However, negative input up to the supply voltage will 
not damage the device. 

A clamp diode (Figure 1) is recommended for those applica- 
tions in which the inputs may be subjected to open circuit or 
negative input signals. 

For basic applications (multiply, divide, square, square root) 
it is possible to use the device without any external adjust- 
ments or components. Two matched resistors are provided 
internally to set m for square or square root. 

When using external resistors to set m, such resistors 
should be as close to the device as possible. 

SELECTION OF RESISTORS TO SET m 
Internal Matched Resistors 

Ra and Rb are matched internal resistors. They are 
100n±10%, but matched to 0.1%. 

(a) m = 2* 



(b) m = 0.5* 



TL/H/5695-2 

*No external resistors required, strap as indicated 

External Resistors 

The exponent is set by 2 external resistors or it may be 
continuously varied by a single trim pot. (R1 + R2^500fl. 

(a) m= 1 

k — i 3 

TL/H/5695-3 


(b) m<1 



TL/H/5695-4 


ACCURACY (ERROR) 

The accuracy of the LH0094 is specified for both externally 
adjusted and unadjusted cases. 

Although it is customary to specify the errors in percent of 
full-scale (10V), it is seen from the typical performance 
curves that the actual errors are in percent of reading. Thus, 
the specified errors are overly conservative for small input 
voltages. An example of this is the LH0094 used in the mul- 
tiplication mode. The specified typical error is 0.25% of full- 
scale (25 mV). As seen from the curve, the unadjusted error 
is ~ 25 mV at 1 0V input, but the error is less than 1 0 mV for 
inputs up to IV. Note also that if either the multiplicand or 
the multiplier is at less than 1 0V, (5V for example) the unad- 
justed error is less. Thus, the errors specified are at full- 
scale — the worst case. 

The LH0094 is designed such that the user is able to exter- 
nally adjust the gain and offset of the device — thus trim out 
all of the errors of conversion. In most applications, the gain 
adjustment is the only external trim needed for super accu- 
racy— except in division mode, where a denominator offset 
adjust is needed for small denominator voltages. 

EXPONENTS 

The LH0094 is capable of performing roots to 0.1 and pow- 
ers up to 1 0. However, care should be taken when applying 
these exponent — otherwise, results may be misinterpreted. 
For example, consider the y 10 th power of a number: i.e., 
0.001 raised to 0.1 power is 0.5011; 0.1 raised to the 0.1 
power is 0.7943; and 10 raised to the 0.1 power is 1.2589. 
Thus, it is seen that while the input has changed 4 decades, 
the output has only changed a little more than a factor of 2. 
It is also seen that with as little as 1 mV of offset, the output 
will also be greater than zero with zero input. 
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Applications information (Continued) 

1. CLAMP DIODE CONNECTION 



» V z 




60 

0.1 *£m£l0 

Note. This clamp diode connection is 
recommended for those applications 
in which the inputs may be subject to 
open circuit or negative signals. 


2. MULTIPLY 


FIGURE 1. Clamp Diode Connection 



FIGURE 2a. LH0094 Used to Multiply (No External Adjustment) 



0 0.1 1 10 
v z (V) 

FIGURE 2b. Typical Performance of 
LH0094 in Multiply Mode Without 
External Adjustment 


D1 

1N914 



Vz 


10 


m= 1 


Trim Procedure 

Set V Z =V Y =10V 

Adjust R2 until output = 10.000V 


TL/H/5695-5 


FIGURE 3. Precision Multiplier (0.02% Typ) with 1 External Adjustment 
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Applications Information (Continued) 


3. DIVIDE oi 






FIGURE 6a. Basic Connection of LH0094 (m = 2) without 
External Adjustment Using Internal Resistors to Set m 



0 1 2 3 4 5 6 7 8 9 10 

V Z (V) 


TL/H/5695-6 

FIGURE 6b. Squaring Mode without 
External Adjustment 
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Applications Information (Continued) 

6. LOW LEVEL SQUARE ROOT 


1N914 



FIGURE 10. 3-Decade Precision Square Root Circuit Using the LH0094 with m= 1 


Typical Applications 


D1 

1N914 




FIGURE 11. Precision Exponentiator (m = 0.2 to 5) 




Typical Applications (Continued) 



Note. The LH0094 may be used to generate a voltage equivalent to: 
V0=>/VPTV22 


Vi 2 

V0 = V2 + 

V0 + V2 

V02 + V0 V2 = V2 V0 + V22 + V12 


V02 = V12 + V22 

V0 = VV12 + V22 VI, V2 0 — > 10V 

R s 10k 

National Semiconductor resistor array RA08 — 10k is recommended 


FIGURE 12. Vector Magnitude Function 


(m = 1) (m = 1) 



V T 


Note. The LH0094 may be used in direct measurement of gas flow. 

. /PAP 
Flow = k -«/ — — — 


Vp 

E 0 = 10 ^x 


Vap 

Eq 


E O 2=10 


V P V AP 
VT 


Eo = 




VPVaP 

VT 


P = Absolute pressure 
T = Absolute temperature 
AP = Pressure drop 


TL/H/5695-9 


FIGURE 13. Mass Gas Flow Circuit 





Typical Applications (Continued) 




Note. The LH0094 may also be used to generate the Log 
of a ratio of 2 voltages. The output is taken from pin 14 of 
the LH0094 for the Log application. 


ELOG = K1^/n^ 

d Vx 


where K1 = 


R1+R2 

R2 


If K1 = 


1 

KT/q/nlO 


Vz 

then E L oG = L°giO^ 


R1 = 15.9 R2 
R2 = 400ft 

R2 must be a thermistor with a tempco of ~ 0.33%/°C to 
be compensated over temperature. 


FIGURE 14. Log Amp Application 


TL/H/5695-10 
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Temperature Sensor 
Selection Guide 


Part 

Temp. Range 

"Accuracy 

Output Scale 

LM34A 

— 50°F to +300°F 

±2.0°F 

10 mV/°F 

LM34 

— 50°F to +300°F 

±3.0°F 

10 mV/°F 

LM34CA 

— 40°F to +230°F 

±2.0°F 

10 mV/°F 

LM34C 

— 40°F to +230°F 

±3.0°F 

10 mV/°F 

LM34D 

+ 32°F to + 212°F 

±4.0°F 

10 mV/°F 

LM35A 

— 55°C to +150°C 

±1.0°C 

10 mV/°C 

LM35 

— 55°C to + 1 50°C 

±1.5°C 

10 mV/°C 

LM35CA 

— 40°C to +110°C 

±1.0°C 

10 mV/°C 

LM35C 

— 40°C to +110°C 

±1.5°C 

10 mV/°C 

LM35D 

0°C to +100°C 

±2.0°C 

10 mV/°C 

LM 134-3 

— 55°C to + 1 25°C 

±3.0°C 

Iset oc °k 

LM 134-6 

— 55°C to + 1 25°C 

±6.0°C 

l S ET oc °k 

LM234-3 

— 25°C to + 100°C 

±3.0°C 

•set oc °k 

LM234-6 

— 25°C to +100°C 

±6.0°C 

Iset « °k 

LM135A 

— 55°C to + 1 50°C 

±1.3°C 

10 mV/°k 

LM135 

— 55°C to + 1 50°C 

±2.0°C 

10 mV/°k 

LM235A 

— 40°C to + 1 25°C 

±1.3°C 

10 mV/°k 

LM235 

— 40°C to + 1 25°C 

±2.0°C 

10 mV/°k 

LM335A 

— 40°C to +100°C 

±2.0°C 

10 mV/°k 

LM335 

— 40°C to +100°C 

±4.0°C 

10 mV/°k 

LM3911 

— 25°C to +85°C 

±10.0°C 

10 mV/°k (or°F) 


"Note: Accuracy is measured over T(Min) to T(Max) uncalibrated 

Note: The LM1 34/234/334 3-Terminal Adjustable current sources Datasheet can be found in Linear 1, Section 1. 
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LM34/LM34A/LM34C/LM34CA/LM34D 


National 
Semiconductor 
Corporation 

LM34/LM34A/LM34C/LM34CA/LM34D 
Precision Fahrenheit Temperature Sensors 

General Description 

The LM34 series are precision integrated-circuit tempera- 
ture sensors, whose output voltage is linearly proportional to 
the Fahrenheit temperature. The LM34 thus has an advan- 
tage over linear temperature sensors calibrated in degrees 
Kelvin, as the user is not required to subtract a large con- 
stant voltage from its output to obtain convenient Fahren- 
heit scaling. The LM34 does not require any external cali- 
bration or trimming to provide typical accuracies of ± y 2 ° F at 
room temperature and ±iy 2 °F over a full -50 to + 300°F 
temperature range. Low cost is assured by trimming and 
calibration at the wafer level. The LM34’s low output imped- 
ance, linear output, and precise inherent calibration make 
interfacing to readout or control circuitry especially easy. It 
can be used with single power supplies or with plus and 
minus supplies. As it draws only 70 /xA from its supply, it has 
very low self-heating, less than 0.2°F in still air. The LM34 is 
rated to operate over a -50° to + 300°F temperature 
range, while the LM34C is rated for a -40° to +230°F 
range (0°F with improved accuracy). The LM34 series is 
available packaged in hermetic TO-46 transistor packages, 


while the LM34C is also available in the plastic TO-92 tran- 
sistor package. The LM34 is a complement to the LM35 
(Centigrade) temperature sensor. 

Features 

■ Calibrated directly in degrees Fahrenheit 

■ Linear +10.0 mV/°F scale factor 

■ 1.0°F accuracy guaranteed (at +77°F) 

■ Rated for full -50° to +300°F range 

■ Suitable for remote applications 

■ Low cost due to wafer-level trimming 

■ Operates from 5 to 30 volts 

■ Less than 70 fiA current drain 

■ Low self-heating, 0.1 8°F in still air 

■ Nonlinearity only ±0.5°F typical 

n Low-impedance output, 0.4fl for 1 mA load 



Connection Diagrams Typical Applications 


TO-46 

Metal Can Package* 



TL/H/6685-1 

*Case is connected to negative pin. 

Order Numbers LM34H, LM34AH, 
LM34CH, LM34CAH or LM34DH 
See NS Package Number H03H 


TO-92 

Plastic Package 



BOTTOM VIEW 

TL/H/6685- 

Order Number LM34CZ or LM34DZ 
See NS Package Number Z03A 


+v s 

( + 5VT0 + 20V) 




TL/H/6685-3 


FIGURE 1. Basic Fahrenheit Temperature Sensor 
( + 5° to +300°F) 


+ V S 



CHOOSE Rt = (- V s )/50 
Vout= +3,000 mV AT +300°F 
= +750 mV AT +75°F 
= -500 mV AT -50°F 


TL/H/6685-4 


FIGURE 2. Full-Range Fahrenheit Temperature Sensor 
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Absolute Maximum Ratings (Noteio) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 
Output Voltage 
Output Current 
Storage Temperature, 
TO-46 Package 
TO-92 Package 


+ 35V to -0.2V 
+ 6V to -1.0V 
10 mA 

— 76°F to + 356° F 

— 76°F to + 300°F 


Lead Temp. (Soldering, 10 seconds) 

TO-46 Package + 300°C 

TO-92 Package +260°C 

Specified Operating Temp. Range (Note 2) 

TmIN to T MAX 

— 50°F to +300°F 


LM34, LM34A 
LM34C, LM34CA 
LM34D 


— 40°F to + 230°F 
+ 32°F to + 212°F 


DC Electrical Characteristics (Note i, Note 6) 




LM34A 

LM34CA 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 

Accuracy (Note 7) 

T A = +77°F 

±0.4 

±1.0 


±0.4 

±1.0 


°F 


T A = 0°F 

±0.6 



±0.6 


±2.0 

°F 


T A = TmaX 

±0.8 

±2.0 


±0.8 

±2.0 


°F 


Ta = Tmin 

±0.8 

±2.0 


±0.8 


±3.0 

°F 

Nonlinearity (Note 8) 

Tmin ^ t A ^ Tmax 

± 0.35 


± 0.7 

± 0.30 


± 0.6 

°F 

Sensor Gain 

Tmin ^ Ta ^ Tmax 

+ 10.0 

+ 9 . 9 , 


+ 10.0 


+ 9 . 9 , 

mV/°F, min 

(Average Slope) 



+ 10.1 




+ 10.1 

mV/°F, max 

Load Regulation 

Ta = +77°F 

±0.4 

±1.0 


±0.4 

±1.0 


mV/mA 

(Note 3) 

Tmin ^ t a ^ Tmax 

0 ^ l|_ ^ 1 mA 

± 0.5 


± 3.0 

± 0.5 


± 3.0 

mV/mA 

Line Regulation (Note 3) 

Ta = + 77°F 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 


5V £ V s ^ 30V 

± 0.02 


± 0.1 

± 0.02 


± 0.1 

mV/V 

Quiescent Current 

V S = + 5V, + 77°F 

75 

90 


75 

90 


juA 

(Note 9) 

V s = +5V 

131 


160 

116 


139 

jllA 


V S = +30V, +77°F 

76 

92 


76 

92 


juA 


V s = + 30V 

132 


163 

117 


142 

jaA 

Change of Quiescent 

4V <; V S ^ 30V, + 77°F 

+ 0.5 

2.0 


0.5 

2.0 


fiA 

Current (Note 3) 

5V £ v s <; 30V 

+ 1.0 


3.0 

1.0 


3.0 

juA 

Temperature Coefficient 
of Quiescent Current 


+ 0.30 


+ 0.5 

+ 0.30 


+ 0.5 

juA/°F 

Minimum Temperature 
for Rated Accuracy 

In circuit of Figure 1, 
i L = o 

+ 3.0 


+ 5.0 

+ 3.0 


+ 5.0 

°F 

Long-Term Stability 

Tj = Tmax for 1000 hours 

±0.16 



±0.16 



°F 


Note 1: Unless otherwise noted, these specifications apply: -50°F £ Tj £ + 300°F for the LM34 and LM34A; -40+ £ Tj £ +230°F for the LM34C and 
LM34CA; and + 32°F ^ Tj ^ + 21 2°F for the LM34D. Vs = + 5 Vdc and Iload = 50 f*A in the circuit of Figure 2; + 6 Vdc for LM34 and LM34A for 230°F £ Tj £ 
300°F. These specifications also apply from +5°F to T^ A x in the circuit of Figure 1. 

Note 2: Thermal resistance of the TO-46 package is 292°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is 
324°F/W junction to ambient. 

Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 10 mV/°F times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in °F). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1). 
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LM34/LM34A/LM34C/LM34CA/LM34D 



LM34/LM34A/LM34C/LM34CA/LM34D 


DC Electrical Characteristics (Note i. Note 6) (continued) 



LM34 

LM34C, LM34D 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 

Accuracy, LM34, LM34C 

T A = + 77°F 

eg 



±0.8 

±2.0 


°F 

(Note 7) 

T a = 0°F 

ESI 



±1.0 


±3.0 

°F 


Ta = TmaX 

±1.6 



±1.6 


±3.0 

°F 


Ta = Tmin 

±1.6 


±3.0 

±1.6 


±4.0 

°F 

Accuracy, LM34D 

Ta = + 77° F 




±1.2 

±3.0 


°F 

(Note 7) 

Ta = Tmax 




±1.8 


±4.0 

°F 


Ta = Tmin 




±1.8 


±4.0 

°F 

Nonlinearity (Note 8) 

Tmin ^ T a ^ T MA x 

± 0.6 


±1.0 

± 0.4 



°F 

Sensor Gain 

Tmin ^ t a ^ t MA x 

+ 10.0 

+ 9 . 8 , 


+ 10.0 


+ 9 . 8 , 

mV/°F, min 

(Average Slope) 



+ 10.2 




+ 10.2 

mV/°F, max 

Load Regulation 

T a = +77°F 

±0.4 






mV/mA 

(Note 3) 

Tmin ^ T a ^ + 150°F 

0 ^ II ^ 1 mA 

± 0.5 






mV/mA 

Line Regulation (Note 3) 

Ta = +77°F 

±0.01 






mV/V 


5V ^ V s ^ 30V 

±0.02 






mV/V 

Quiescent Current 

V S = + 5V, + 77°F 

75 







(Note 9) 

V s = +5V 

131 






■ 


V s = +30V, + 77°F 

76 








V s = +30V 

132 






g ■ 

Change of Quiescent 

4V <; V s <: 30V, +77°F 

+ 0.5 


HNlI 

■ 


m 


Current (Note 3) 

5V <; V s ^ 30V 

+ 1.0 







Temperature Coefficient 
of Quiescent Current 


+ 0.30 






juA/°F 

Minimum Temperature 
for Rated Accuracy 

In circuit of Figure 1, 
i L = o 

+ 3.0 


+ 5.0 

+ 3.0 


+ 5.0 

°F 

Long-Term Stability 

Tj = Tmax for 1 000 hours 

±0.16 



±0.16 



°F 
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QUIESCENT CURRENT (,<A) PERCENT OF FINAL VALUE (%) THERMAL RESISTANCE (°F/W) 


Typical Performance Characteristics 


Thermal Resistance 
Junction to Air 


Thermal Time Constant 
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Thermal Response in 
Stirred Oil Bath 



0 400 800 1200 1600 2000 

AIR VELOCITY (FPM) 

Minimum Supply Voltage 
vs. Temperature 



TIME (SEC) 

Quiescent Current vs. Temp- 
erature (In Circuit of Figure 2; 



-100 0 100 200 300 

TEMPERATURE (°F) 



TEMPERATURE ( C F) 


Thermal Response in 



Quiescent Current vs. 

Temperature 

(In Circuit of Figure 1) 



TEMPERATURE (°F) 

Accuracy vs. Temperature 
(Guaranteed) 
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Accuracy vs. Temperature 
(Guaranteed) 
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LM34/LM34A/LM34C/LM34CA/LM34D 


Typical Applications 

The LM34 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.02° F of the surface temperature. This presumes 
that the ambient air temperature is almost the same as the 
surface temperature; if the air temperature were much high- 
er or lower than the surface temperature, the actual temper- 
ature of the LM34 die would be at an intermediate tempera- 
ture between the surface temperature and the air tempera- 
ture. This is expecially true for the TO-92 plastic package, 
where the copper leads are the principal thermal path to 
carry heat into the device, so its temperature might be clos- 
er to the air temperature than to the surface temperature. 
To minimize this problem, be sure that the wiring to the 
LM34, as it leaves the device, is held at the same tempera- 
ture as the surface of interest. The easiest way to do this is 
to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM34 die’s temperature will 
not be affected by the air temperature. 

The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course in that case, the 
V_ terminal of the circuit will be grounded to that metal. 
Alternatively, the LM34 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any 1C, the LM34 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 


used to insure that moisture cannot corrode the LM34 or its 
connections. 

These devices are sometimes soldered to a small, light- 
weight heat fin to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor to 
give the steadiest reading despite small deviations in the air 
temperature. 

Capacitive Loads 

Like most micropower circuits, the LM34 has a limited ability 
to drive heavy capacitive loads. The LM34 by itself is able to 
drive 50 pF without special precautions. If heavier loads are 
anticipated, it is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 4. When the LM34 is applied with a 
499H load resistor (as shown), it is relatively immune to 
wiring capacitance because the capacitance forms a bypass 
from ground to input, not on the output. However, as with 
any linear circuit connected to wires in a hostile environ- 
ment, its performance can be affected adversely by intense 
electromagnetic sources such as relays, radio transmitters, 
motors with arcing brushes, SCR’s transients, etc., as its 
wiring can act as a receiving antenna and its internal junc- 
tions can act as rectifiers. For best results in such cases, a 
bypass capacitor from V|n to ground and a series R-C 
damper such as 75fl in series with 0.2 or 1 juiF from output 
to ground are often useful. These are shown in the following 
circuits. 


Temperature Sensor, 
Single Supply, -50° to +300°F 


+ v s 

_L 


| LM34 |— ^ 




1N914 y 

l 

n 

r J 

; 18k 
► 10% 

L 


TL/H/6685-6 


2k 

LM34 |— \W 




HEAVY CAPACITIVE LOAD. WIRING, ETC. 


TO A HIGH 
IMPEDANCE LOAD 


TL/H/6685-7 

FIGURE 3. LM34 with Decoupling from Capacitive Load 



TL/H/6685-8 

FIGURE 4. LM34 with R-C Damper 


Temperature Rise of LM34 Due to Self-Heating (Thermal Resistance) 


Conditions 

TO-46, 

No Heat Sink 

TO-46, 

Small Heat Fin* 

TO-92, 

No Heat Sink 

TO-92, 

Small Heat Fin** 

Still air 

720°F/W 

180°F/W 

324°F/W 

252°F/W 

Moving air 

180°F/W 

72°F/W 

162°F/W 

126°F/W 

Still oil 

180°F/W 

72°F/W 

162°F/W 

126°F/W 

Stirred oil 

90°F/W 

54°F/W 

81°F/W 

72°F/W 

(Clamped to metal, infinite heat sink) 

(43°F/W) 




*Wakefield type 201 or 1 " disc of 0.020" sheet brass, soldered to case, or similar. 

**TO-92 package glued and leads soldered to 1" square of y 16 " printed circuit board with 2 oz copper foil, or similar. 
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Typical Applications (Continued) 


Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 


5V 



V 0 UT = 10mV/°F (T a +3°F) 
FROM +3°F TO + 100°F 


TWISTED PAIR 


TL/H/6685-9 


Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 

5V 



4-to-20 mA Current Source 
(0 to + 100°F) 


Fahrenheit Thermometer 
(Analog Meter) 



Expanded Scale Thermometer 
(50° to 80° Fahrenheit, for Example Shown) 


+ 9V 



100 M A. 60 mV 
FULL SCALE 


Temperature-to-Digital Converter 
(Serial Output, + 128°F Full Scale) 



+ 5V 

SERIAL DATA 
OUTPUT 

CLOCK 

ENABLE 

GROUND 


TL/H/6685-13 


TL/H/6685-14 










LM34/LM34A/LM34C/LM34CA/LM34D 


Typical Applications (Continued) 


LM34 with Voltage-to-Frequency Converter and Isolated Output 
(3°F to + 300°F; 30 Hz to 3000 Hz) 

+6V 



TL/H/6685-15 


Bar-Graph Temperature Display 
(Dot Mode) 

67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 °F 



* = 1% or 2% film resistor 
—Trim R B for V B = 3.525V 
—Trim Rc for V c = 2.725V 

— Trim R A for V A — 0.085V + 40 mV/°F X T/\mbient 
—Example, V A = 3.285V at 80°F 
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LM35/LM35A/LM35C/LM35CA/LM35D 



National 

Semiconductor 

Corporation 


LM35/LM35A/LM35C/LM35CA/LM35D 
Precision Centigrade Temperature Sensors 


General Description 

The LM35 series are precision integrated-circuit tempera- 
ture sensors, whose output voltage is linearly proportional to 
the Celsius (Centigrade) temperature. The LM35 thus has 
an advantage over linear temperature sensors calibrated in 0 
Kelvin, as the user is not required to subtract a large con- 
stant voltage from its output to obtain convenient Centi- 
grade scaling. The LM35 does not require any external cali- 
bration or trimming to provide typical accuracies of ± y 4 ° C 
at room temperature and ± 3 / 4 °C over a full -55 to +1 50°C 
temperature range. Low cost is assured by trimming and 
calibration at the wafer level. The LM35’s low output imped- 
ance, linear output, and precise inherent calibration make 
interfacing to readout or control circuitry especially easy. It 
can be used with single power supplies, or with plus and 
minus supplies. As it draws only 60 jmA from its supply, it has 
very low self-heating, less than 0.1°C in still air. The LM35 is 
rated to operate over a -55° to + 150°C temperature 
range, while the LM35C is rated for a -40° to +110°C 
range (-10° with improved accuracy). The LM35 series is 


available packaged in hermetic TO-46 transistor packages, 
while the LM35C is also available in the plastic TO-92 tran- 
sistor package. 

Features 

■ Calibrated directly in 0 Celsius (Centigrade) 

■ Linear + 1 0.0 mV/°C scale factor 

■ 0.5°C accuracy guaranteeable (at -!-25 0 C) 

■ Rated for full -55° to +150°C range 

■ Suitable for remote applications 

■ Low cost due to wafer-level trimming 

■ Operates from 4 to 30 volts 

■ Less than 60 juA current drain 

■ Low self-heating, 0.08°C in still air 

■ Nonlinearity only ± y 4 °C typical 

■ Low impedance output, 0.1 ft for 1 mA load 


Connection Diagrams 


TO-46 

Metal Can Package* 



BOTTOM VIEW 


•Case is connected to negative pin 


TL/H/5516-1 


Order Number LM35H, LM35AH, 
LM35CH, LM35CAH or LM35DH 
See NS Package Number H03H 


Typical Applications 


+v s 

(4V TO 20V) 

I 


LM35 


T 


OUTPUT 

0 mV + 10.0 mV/°C 


" TL/H/5516-3 

FIGURE 1. Basic Centigrade Temperature 
Sensor ( + 2°C to + 1 50°C) 


TO-92 

Plastic Package 



BOTTOM VIEW 


TL/H/5516-2 


Order Number LM35CZ or LM35DZ 
See NS Package Number Z03A 



Choose R-| = -Vs/50 juA 

VoUT= +1,500 mV at + 1 50°C 
= +250 mV at +25°C 
= -550 mV at -55°C 


TL/H/5516-4 

FIGURE 2. Full-Range Centigrade Temperature Sensor 
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Absolute Maximum Ratings (Noteio) 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 

Distributors for availability and specifications. 

Supply Voltage + 35V to -0.2V 

Output Voltage + 6V to - 1 .0V 

Output Current 1 0 mA 

Storage Temp., TO-46 Package, -60°C to + 1 80°C 

TO-92 Package, - 60°C to + 1 50°C 

Lead Temp. (Soldering, 10 seconds): 

TO-46 Package, 300°C 

TO-92 Package, 260°C 


Specified Operating Temperature Range: Tmin to Tmax 


(Note 2) 

LM35, LM35A 
LM35C, LM35CA 
LM35D 


— 55°C to + 1 50°C 
— 40°C to + 110°C 
0°C to + 100°C 


Electrical Characteristics (Note d (Note 6) 




LM35A 

LM35CA 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max.) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 


Accuracy 

T a =+25°C 

±0.2 

±0.5 


±0.2 

±0.5 


°C 

(Note 7) 

O 

o 

T 

II 

< 

1- 

±0.3 



±0.3 


±1.0 

°C 


Ta-Tmax 

±0.4 

±1.0 


±0.4 

±1.0 


°c 


Ta = T M | N 

±0.4 

±1.0 


±0.4 


±1.5 

°c 

Nonlinearity 
(Note 8) 

TmIN^Ta^T max 

± 0.18 


± 0.35 

± 0.15 


± 0.3 

°c 

Sensor Gain 

T M |N^T a ^T max 

+ 10.0 

+ 9 . 9 , 


+ 10.0 


+ 9 . 9 , 

mV/°C 

(Average Slope) 



+ 10.1 




+ 10.1 


Load Regulation 

T a = +25°C 

±0.4 

±1.0 


±0.4 

±1.0 


mV/mA 

(Note 3) O^Il^I mA 

t M in^t a <;Tm A x 

± 0.5 


± 3.0 

± 0.5 


± 3.0 

mV/mA 

Line Regulation 

T a = +25°C 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 

(Note 3) 

4V^V S ^30V 

± 0.02 


± 0.1 

± 0.02 


± 0.1 

mV/V 

Quiescent Current 

V S =+5V, + 25°C 

56 

67 


56 

67 


/x A 

(Note 9) 

V S =+5V 

105 


131 

91 


114 

jaA 


V s = + 30 V, + 25°C 

56.2 

68 


56.2 

68 


jaA 


V s = +30V 

105.5 


133 

91.5 


116 

ju,A 

Change of 

4V<;V S <;30V, + 25°C 

0.2 

1.0 


0.2 

1.0 


jaA 

Quiescent Current 
(Note 3) 

4V^V S ^30V 

0.5 


2.0 

0.5 


2.0 

jaA 

Temperature 

Coefficient of 

Quiescent Current 


+ 0.39 


+ 0.5 

+ 0.39 


+ 0.5 

jaA/°C 

Minimum Temperature 

In circuit of 

+ 1.5 


+ 2.0 

+ 1.5 


+ 2.0 

°C 

for Rated Accuracy 

Figure 7, l|_ = 0 








Long Term Stability 

Tj = Tmax, for 

±0.08 



±0.08 



°C 


1000 hours 









Note 1: Unless otherwise noted, these specifications apply: -55°C^Tj^ + 150°Cforthe LM35 and LM35A; -40°^Tj^ +110°C for the LM35C and LM35CA; and 
0°^Tj^ + 100°C for the LM35D. Vs= +5Vdc and Iload = 5 ° A a - in the circuit of Figure 2. These specifications also apply from +2°C to T^ax in the circuit of 
Figure 1. Specifications in boldface apply over the full rated temperature range. 

Note 2: Thermal resistance of the TO-46 package is 440°C/W, junction to ambient, and 24°C/W junction to case. Thermal resistance of the TO-92 package is 
180°C/W junction to ambient. 
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Electrical Characteristics (Note i) (Note 6) (continued) 




LM35 

LM35C, LM35D 


Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max.) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 


Accuracy, 

T A =+25°C 

±0.4 

±1.0 


±0.4 

±1.0 


°C 

LM35, LM35C 

T a =-10°C 

±0.5 



±0.5 


±1.5 

°C 

(Note 7) 

t A == T MA x 

±0.8 

±1.5 


±0.8 


±1.5 

°c 


Ta = T M IN 

±0.8 


±1.5 

±0.8 


±2.0 

°c 

Accuracy, 

T a =+25°C 




±0.6 

±1.5 


°c 

LM35D 

Ta=T MA x 




±0.9 


±2.0 

°c 

(Note 7) 

T a =T M in 




±0.9 


±2.0 

°c 

Nonlinearity 
(Note 8) 

Tmin^Ta^Tmax 

±0.3 


±0.5 

±0.2 


±0.5 

°c 

Sensor Gain 

Tmin^Ta^Tmax 

+ 10.0 

+ 9.8, 


+ 10.0 


+ 9.8, 

mV/°C 

(Average Slope) 



+ 10.2 




+ 10.2 


Load Regulation 

T a =+25°C 

±0.4 

±2.0 


±0.4 

±2.0 


mV/mA 

(Note 3) 0^I L ^1 mA 

t M in^t a ^t MA x 

±0.5 


±5.0 

±0.5 


±5.0 

mV/mA 

Line Regulation 

T a =+25°C 

±0.01 

±0.1 


±0.01 

±0.1 


mV/V 

(Note 3) 

4V^V S ^30V 

±0.02 


±0.2 

±0.02 


±0.2 

mV/V 

Quiescent Current 

V S =+5V, +25°C 

56 

80 


56 

80 


jjuA 

(Note 9) 

V S =+5V 

105 


158 

91 


138 

juA 


V S =+30V, +25°C 

56.2 

82 


56.2 

82 


juA 


V s = + 30V 

105.5 


161 

91.5 


141 

jllA 

Change of 

4V^V S ^30V, +25°C 

0.2 

2.0 


0.2 

2.0 


jxA 

Quiescent Current 
(Note 3) 

4V<;v s <;3ov 

0.5 


3.0 

0.5 


3.0 

}xA 

Temperature 

Coefficient of 

Quiescent Current 


+ 0.39 


+ 0.7 

+ 0.39 


+ 0.7 

jllA/°C 

Minimum Temperature 

In circuit of 

+ 1.5 


+ 2.0 

+ 1.5 


+ 2.0 

°C 

for Rated Accuracy 

Figure 7, l|_ = 0 








Long Term Stability 

Tj = T MA x, ^r 

±0.08 



±0.08 



°C 


1000 hours 









Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested Limits are guaranteed and 100% tested in production. 

Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specifications in boldface apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 1 0mv/°C times the device’s case temperature, at specified conditions of voltage, current, 
and temperature (expressed in °C). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line, over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions. See Note 1 . 
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Typical Performance Characteristics 


Thermal Resistance 
Junction to Air 



Thermal Time Constant 



Thermal Response in 
Stirred Oil Bath 



TIME (SECONDS) 


Minimum Supply 
Voltage vs. Temperature 



-75 -25 25 75 125 175 


TEMPERATURE (°C) 


Quiescent Current 
vs. Temperature 
(In Circuit of Figure 2.) 



-75 -25 25 75 125 175 

TEMPERATURE (°C) 


Accuracy vs. Temperature 
(Guaranteed) 




LM35 

fcU- — 



. LM35A 

» J YP ! c ^i 



—f- 


«» 


~Tl 



^^Tri 

^ LIYiojA 

75 -25 

m 1 1 ™ n 

25 

LM35 

75 1 

25 175 


TEMPERATURE (°C) 


Thermal Response 
in Still Air 



TIME (MINUTES) 

Quiescent Current 
vs. Temperature 



-75 -25 25 75 125 175 

TEMPERATURE (°C) 

TL/H/5516-17 


Accuracy vs. Temperature 
(Guaranteed) 


ft 



— i — i — 
^ 1— LM35D — 

JLLLM35C- 
J LM35CA 

At 

ft 


jj^ 

iiSP 

— TYPIC 




- . 

V 


St 

' IT LM35CA ' 
1P1LM35C- 

t"LM35D” 
1 1 

4 

K 

It 

-4- 

- 4 - 

5 


-75 -25 25 75 125 175 

TEMPERATURE (°C) 


TL/H/5516-18 
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Applications 

The LM35 can be applied easily in the same way as other 
integrated-circuit temperature sensors. It can be glued or 
cemented to a surface and its temperature will be within 
about 0.01 °C of the surface temperature. 

This presumes that the ambient air temperature is almost 
the same as the surface temperature; if the air temperature 
were much higher or lower than the surface temperature, 
the actual temperature of the LM35 die would be at an inter- 
mediate temperature between the surface temperature and 
the air temperature. This is expecially true for the TO-92 
plastic package, where the copper leads are the principal 
thermal path to carry heat into the device, so its tempera- 
ture might be closer to the air temperature than to the sur- 
face temperature. 

To minimize this problem, be sure that the wiring to the 
LM35, as it leaves the device, is held at the same tempera- 
ture as the surface of interest. The easiest way to do this is 
to cover up these wires with a bead of epoxy which will 
insure that the leads and wires are all at the same tempera- 
ture as the surface, and that the LM35 die’s temperature will 
not be affected by the air temperature. 


The TO-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course, in that case the 
V- terminal of the circuit will be grounded to that metal. 
Alternatively, the LM35 can be mounted inside a sealed-end 
metal tube, and can then be dipped into a bath or screwed 
into a threaded hole in a tank. As with any 1C, the LM35 and 
accompanying wiring and circuits must be kept insulated 
and dry, to avoid leakage and corrosion. This is especially 
true if the circuit may operate at cold temperatures where 
condensation can occur. Printed-circuit coatings and var- 
nishes such as Humiseal and epoxy paints or dips are often 
used to insure that moisture cannot corrode the LM35 or its 
connections. 

These devices are sometimes soldered to a small light- 
weight heat fin, to decrease the thermal time constant and 
speed up the response in slowly-moving air. On the other 
hand, a small thermal mass may be added to the sensor, to 
give the steadiest reading despite small deviations in the air 
temperature. 


Temperature Rise of LM35 Due To Self-heating (Thermal Resistance) 


Still air 
Moving air 
Still oil 
Stirred oil 
(Clamped to metal, 
Infinite heat sink) 


TO-46, 
no heat sink 

400°C/W 

100°C/W 

100°C/W 

50°C/W 

(24°C/W) 


TO-46, 

small heat fin* 

100°C/W 

40°C/W 

40°C/W 

30°C/W 


TO-92, 
no heat sink 

1 80°C/W 
90°C/W 
90°C/W 
45°C/W 


* Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar. 

'* TO-92 package glued and leads soldered to 1" square of y 16 " printed circuit board with 2 oz. foil or similar. 


TO-92, 

small heat fin** 
140°C/W 
70°C/W 
70°C/W 
40°C/W 


Typical Applications (Continued) 


+ I HEAVY CAPACITIVE LOAD, WIRING, ETC. 



1 \ v -'- — 

LM35 

OUT \ 

f= 


TO A HIGH-IMPEDANCE LOAD 


TL/H/5516-19 

FIGURE 3. LM35 with Decoupling from Capacitive Load 


CAPACITIVE LOADS 

Like most micropower circuits, the LM35 has a limited ability 
to drive heavy capacitive loads. The LM35 by itself is able to 
drive 50 pf without special precautions. If heavier loads are 
anticipated, it is easy to isolate or decouple the load with a 
resistor; see Figure 3. Or you can improve the tolerance of 
capacitance with a series R-C damper from output to 
ground; see Figure 4. 

When the LM35 is applied with a 200ft load resistor as 
shown in Figure 5, 6, or 8, it is relatively immune to wiring 



capacitance because the capacitance forms a bypass from 
ground to input, not on the output. However, as with any 
linear circuit connected to wires in a hostile environment, its 
performance can be affected adversely by intense electro- 
magnetic sources such as relays, radio transmitters, motors 
with arcing brushes, SCR transients, etc, as its wiring can 
act as a receiving antenna and its internal junctions can act 
as rectifiers. For best results in such cases, a bypass capac- 
itor from Vin to ground and a series R-C damper such as 
75ft in series with 0.2 or 1 ju,F from output to ground are 
often useful. These are shown in Figures 13, 14, and 16. 
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Typical Applications (Continued) 


5V 



FIGURE 5. Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 



FIGURE 6. Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 



TL/H/5516-7 


FIGURE 7. Temperature Sensor, Single Supply, -55° to 
+ 150°C 



FIGURE 8. Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 



TL/H/5516-9 

FIGURE 9. 4-TO-20 mA Current Source (0°C to + 100°C) 


+ Vs 

(6V TO 20V) 



TL/H/5516-10 

FIGURE 10. Fahrenheit Thermometer 


6 
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Typical Applications (Continued) 



FIGURE 11. Centigrade Thermometer (Analog Meter) 



m 


100 pA, 

60 mV 
FULL-SCALE 


FIGURE 12. Expanded Scale Thermometer 
(50° to 80° Fahrenheit, for Example Shown) 



SERIAL 
DATA OUTPUT 


FIGURE 13. Temperature To Digital Converter (Serial Output) (+ 128°C Full Scale) 



FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE® Outputs for 
Standard Data Bus to juP Interface) (128°C Full Scale) 
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Typical Applications (Continued) 


-°f- 



TL/H/5516-16 

* = 1 % or 2% film resistor 
-Trim R B for V B = 3.075V 
-Trim R c for V c = 1.955V 

-Trim R A for V A = 0.075V + 100mV/°C x T am bj e nt 
-Example, V A = 2.275V at 22°C 

FIGURE 15. Bar-Graph Temperature Display (Dot Mode) 


6V 



TL/H/5516-15 

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output 
(2°C to + 150°C; 20 Hz to 1500 Hz) 
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National 
Semiconductor 
Corporation 

LM 1 35/LM235/LM335, LM135A/LM235A/LM335A 
Precision Temperature Sensors 

General Description 

The LM135 series are precision, easily-calibrated, integrat- 
ed circuit temperature sensors. Operating as a 2-terminal 
zener, the LM135 has a breakdown voltage directly propor- 
tional to absolute temperature at +10 mV/°K. With less 
than in dynamic impedance the device operates over a 
current range of 400 p,A to 5 mA with virtually no change in 
performance. When calibrated at 25°C the LM135 has typi- 
cally less than 1°C error over a 100°C temperature range. 

Unlike other sensors the LM135 has a linear output. 

Applications for the LM135 include almost any type of tem- 
perature sensing over a — 55°C to +150°C temperature 
range. The low impedance and linear output make interfac- 
ing to readout or control circuitry especially easy. 


The LM135 operates over a -55°C to + 150°C temperature 
range while the LM235 operates over a -40°C to +125°C 
temperature range. The LM335 operates from -40°C to 
+ 100°C. The LM1 35/LM235/LM335 are available pack- 
aged in hermetic TO-46 transistor packages while the 
LM335 is also available in plastic TO-92 packages. 

Features 

■ Directly calibrated in °Kelvin 

■ 1°C initial accuracy available 

■ Operates from 400 juA to 5 mA 

■ Less than in dynamic impedance 

■ Easily calibrated 

■ Wide operating temperature range 

■ 200°C overrange 

■ Low cost 



Schematic Diagram 



TL/H/5698-1 


Connection Diagrams 

TO-92 

Plastic Package 


BOTTOM VIEW 

Order Number LM335Z or LM335AZ 
See NS Package Number Z03A 


TO-46 

Metal Can Package* 



*Case is connected to negative pin 

Order Number LM135H, LM235H, 
LM335H, LM135AH, LM235AH or LM335AH 
See NS Package Number H03H 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Specified Operating Temp. Range 

contact the National Semiconductor Sales Office/ Intermittent 

Distributors for availability and specifications. Continuous (Note 2) 

(Note 4) LM135, LM135A -55°C to + 150°C 150°Cto200°C 

Reverse Current 1 5 mA LM235, LM235A -40°C to + 1 25°C 1 25°C to 1 50°C 

Forward Current 10 mA LM335, LM335A — 40°Cto +100°C 100°Cto125°C 

Storage Temperature Lead Tem P- (Soldering, 1 0 seconds) 

TO-46 Package -60°Cto +180°C P ac ^ a 3 e: 260“C 

3 TO-46 Package: 300°C 

TO-92 Package - 60°C to + 1 50°C 

Temperature Accuracy lmi35/lm 235, LMi35A/LM235A(Notei) 

Parameter 

Conditions 

LM135A/LM235A 

LM135/LM235 


Min 

Typ 

Max 

Min 

Typ 

Max 

Operating Output Voltage 

T c = 25°C, l R = 1 mA 

2.97 

2.98 

2.99 

2.95 

2.98 

3.01 


Uncalibrated Temperature Error 

T c = 25°C, l R = 1 mA 


0.5 

1 


1 

3 


Uncalibrated Temperature Error 

Tmin ^ T C ^ T MAXi Ir = 1 mA 


1.3 

2.7 


2 

5 

°C 

Temperature Error with 25°C 
Calibration 

Tmin ^ T c ^ T MA x. Ir = 1 mA 


0.3 

1 


0.5 

1.5 

°C 

Calibrated Error at Extended 
Temperatures 

Tc = Tmax (Intermittent) 


2 



2 


°C 

Non-Linearity 

Ir = 1 mA 


0.3 

0.5 


0.3 

1 

°C 

Temperature Accuracy LM335 , lm33sa (Note u 

Parameter 

Conditions 

LM335A 

LM335 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Operating Output Voltage 

T c = 25°C, l R = 1 mA 

2.95 

2.98 

3.01 

2.92 

2.98 

3.04 

V 

Uncalibrated Temperature Error 

T c = 25°C, l R = 1 mA 


1 

3 


2 

6 

°C 

Uncalibrated Temperature Error 

Tmin ^ T c ^ T MAX , Ir = 1 mA 


2 

5 


4 

9 

°c 

Temperature Error with 25°C 
Calibration 

Tmin ^ T c ^ T MA x, Ir = 1 mA 


0.5 

1 


1 

2 

°c 

Calibrated Error at Extended 
Temperatures 

Tc = T MA x (Intermittent) 


2 



2 


°c 

Non-Linearity 

Ir = 1 mA 


0.3 

1.5 


0.3 

1.5 

°c 

Electrical Characteristics (Notei) 

Parameter 

Conditions 

LM135/LM235 

LM135A/LM235A 

LM335 

LM335A 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Operating Output Voltage 
Change with Current 

400 ju.A^lR^5 mA 

At Constant Temperature 


2.5 

10 


3 

14 

mV 

Dynamic Impedance 

Ir = 1 mA 


0.5 



0.6 


n 

Output Voltage Temperature 
Coefficient 



+ 10 



+ 10 


mV/°C 

Time Constant 

Still Air 

100 ft/Min Air 

Stirred Oil 


80 

10 

1 



80 

10 

1 


sec 

sec 

sec 

Time Stability 

T c =125°C 


0.2 



0.2 


°C/khr 

Note 1: Accuracy measurements are made in a well-stirred oil bath. For other conditions, self heating must be considered. 

Note 2: Continuous operation at these temperatures for 1 0,000 hours for H package and 5,000 hours for Z package may decrease life expectancy of the device. 

Note 3: Thermal Resistance TO-92 TO-46 

0JA Gunction to ambient) 202°C/W 400°C/W 

0JC Gunction to case) 170°C/W N/A 

Note 4: Refer to RETS135H for military specifications. 
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Typical Performance Characteristics 


Reverse Voltage Change 
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Application Hints 

CALIBRATING THE LM135 

Included on the LM135 chip is an easy method of calibrating 
the device for higher accuracies. A pot connected across 
the LM135 with the arm tied to the adjustment terminal al- 
lows a 1 -point calibration of the sensor that corrects for 
inaccuracy over the full temperature range. 

This single point calibration works because the output of the 
LM135 is proportional to absolute temperature with the ex- 
trapolated output of sensor going to OV output at 0°K 
(-273. 15°C). Errors in output voltage versus temperature 
are only slope (or scale factor) errors so a slope calibration 
at one temperature corrects at all temperatures. 

The output of the device (calibrated or uncalibrated) can be 
expressed as: 

Vout t = v OUTx X =r- 
° 'o 

where T is the unknown temperature and T 0 is a reference 
temperature, both expressed in degrees Kelvin. By calibrat- 
ing the output to read correctly at one temperature the out- 
put at all temperatures is correct. Nominally the output is 
calibrated at 10 mV/°K. 


To insure good sensing accuracy several precautions must 
be taken. Like any temperature sensing device, self heating 
can reduce accuracy. The LM135 should be operated at the 
lowest current suitable for the application. Sufficient current, 
of course, must be available to drive both the sensor and 
the calibration pot at the maximum operating temperature 
as well as any external loads. 

If the sensor is used in an ambient where the thermal resist- 
ance is constant, self heating errors can be calibrated out. 
This is possible if the device is run with a temperature stable 
current. Heating will then be proportional to zener voltage 
and therefore temperature. This makes the self heating er- 
ror proportional to absolute temperature the same as scale 
factor errors. 

WATERPROOFING SENSORS 

Meltable inner core heat shrinkable tubing such as manu- 
factured by Raychem can be used to make low-cost water- 
proof sensors. The LM335 is inserted into the tubing about 
y 2 " from the end and the tubing heated above the melting 
point of the core. The unfilled y 2 " end melts and provides a 
seal over the device. 


Typical Applications 

Basic Temperature Sensor 

v + 

< ; ri 

. OUTPUT 

10 mV/°K 

^ LM335 


TL/H/5698-2 


Calibrated Sensor 



OUTPUT 10 mV/°K 


TL/H/5698-9 

"■Calibrate for 2.982V at 25°C 


Wide Operating Supply 

v+ 

5V-40V 



Minimum Temperature Sensing Average Temperature Sensing 


Remote Temperature Sensing 


15V 



15V 

!■ 


-T avg (30 mV/°K) 


LM335 

t 

LM335 

/ 

LM335 


TL/H/5698-18 



Wire length for 1°C error due to wire drop 

l R = 1 mA l R = 0.5 mA* 

AWG 

FEET 

FEET 

14 

4000 

8000 

16 

2500 

5000 

18 

1600 

3200 

20 

1000 

2000 

22 

625 

1250 

24 

400 

800 

*For l R 

= 0.5 mA, the trim pot must be deleted. 
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Typical Applications (Continued) 

Isolated Temperature Sensor 


LM335 



TL/H/5698-20 


Simple Temperature Controller 



TL/H/5698-5 

Simple Temperature Control 


LM335 



TL/H/5698-21 
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LM135/LM235/LM335, LM135A/LM235A/LM335A 


Typical Applications (Continued) 


Ground Referred Fahrenheit Thermometer 


Centigrade Thermometer 



♦Adjust R2 for 2.554V across LM336. 
Adjust R1 for correct output. 


8.5k -dr LM335i 


^ T" 

L 1 


♦Adjust for 2.731 5V at output of LM308 


Fahrenheit Thermometer 



♦To calibrate adjust R2 for 2.554V across LM336. 
Adjust R1 for correct output. 


THERMOCOUPLE COLD JUNCTION COMPENSATION 
Compensation for Grounded Thermocouple 



^Select R3 for proper thermocouple type 
THERMO- R3 SEEBECK 

COUPLE ( ± 1 %) COEFFICIENT 

J 377 ft 52.3 ju,V/°C 

T 308ft 42.8 jutV/°C 

K 293ft 40.8 juV/°C 

S 45.8ft 6.4 jutV/°C 

Adjustments: Compensates for both sensor and resistor tolerances 

1. Short LM329B 

2. Adjust R1 for Seebeck Coefficient times ambient temperature (in degrees 
K) across R3. 

3. Short LM335 and adjust R2 for voltage across R3 corresponding to ther- 
mocouple type 

J 14.32 mV K 11.17 mV 

T 11.79 mV S 1.768 mV 
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Typical Applications (Continued) 

Single Power Supply Cold Junction Compensation 



^Select R3 and R4 for thermocouple type 


THERMO- 

R3 

R4 

SEEBECK 

COUPLE 

COEFFICIENT 

J 

1.05K 

385a 

52.3 julV/°C 

T 

856H 

315a 

42.8 jllV/°C 

K 

816a 

300a 

40.8 ju,V/°C 

S 

128a 

46.3a 

6.4 jLiV/°C 


Adjustments: 

1. Adjust R1 for the voltage across R3 equal to the Seebeck Coefficient 
times ambient temperature in degrees Kelvin. 

2. Adjust R2 for voltage across R4 corresponding to thermocouple 

J 14.32 mV 

T 11.79 mV 

K 11.17 mV 

S 1.768 mV 


Centigrade Calibrated Thermocouple Thermometer 


102k 

1 % 


294k 

1 % 



Terminate thermocouple reference junction in 

close proximity to LM335. 

Adjustments: 

1. Apply signal in place of thermocouple and ad- 
just R3 for a gain of 245.7. 

2. Short non-inverting input of LM308A and out- 
put of LM329B to ground. 

3. Adjust R1 so that V 0 ut = 2.982V @ 25°C. 

4. Remove short across LM329B and adjust R2 
so that V 0 UT = 246 mV @ 25°C. 

5. Remove short across thermocouple. 


Differential Temperature 
Sensor 




t Adjust D1 to 50 mV greater V^ than D2. 

Charge terminates on 5°C temperature rise. Couple D2 to battery. 


r 


TL/H/5698-13 
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Typical Applications (Continued) 

Ground Referred Centigrade Thermometer 


Air Flow Detector* 


6 1 OUTPUT 
10 mV/°C 


1 4 100 pF 

1 5V -!■*- 


LM329CA >1k 

I 1 ZERO 



OUTPUT-HIGH 
WITH AIR FLOW 


TRIP POINT A LM335 

ADJUST < | 


•Self heating is used to detect air flow 


Definition of Terms 

Operating Output Voltage: The voltage appearing across 
the positive and negative terminals of the device at speci- 
fied conditions of operating temperature and current. 
Uncalibrated Temperature Error: The error between the 
operating output voltage at 10 mV/°K and case temperature 
at specified conditions of current and case temperature. 


Calibrated Temperature Error: The error between operat- 
ing output voltage and case temperature at 10 mV/°K over 
a temperature range at a specified operating current with 
the 25°C error adjusted to zero. 
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LM3911 


National 

Semiconductor 

Corporation 



LM3911 Temperature Controller 


General Description 

The LM391 1 is a highly accurate temperature measurement 
and/or control system for use over a -25°C to + 85°C tem- 
perature range. Fabricated on a single monolithic chip, it 
includes a temperature sensor, a stable voltage reference 
and an operational amplifier. 

The output voltage of the LM391 1 is directly proportional to 
temperature in degrees Kelvin at 10 mV/°K. Using the inter- 
nal op amp with external resistors any temperature scale 
factor is easily obtained. By connecting the op amp as a 
comparator, the output will switch as the temperature trans- 
verses the set-point making the device useful as an on-off 
temperature controller. 

An active shunt regulator is connected across the power 
leads of the LM391 1 to provide a stable 6.8V voltage refer- 
ence for the sensing system. This allows the use of any 
power supply voltage with suitable external resistors. 

The input bias current is low and relatively constant with 
temperature, ensuring high accuracy when high source im- 
pedance is used. Further, the output collector can be re- 
turned to a voltage higher than 6.8V allowing the LM391 1 to 
drive lamps and relays up to a 35V supply. 


The LM391 1 uses the difference in emitter-base voltage of 
transistors operating at different current densities as the ba- 
sic temperature sensitive element. Since this output de- 
pends only on transistor matching the same reliability and 
stability as present op amps can be expected. 

The LM391 1 is available in two package styles, a metal can 
TO-46 and an 8-lead epoxy mini-DIP. In the epoxy package 
all electrical connections are made on one side of the de- 
vice allowing the other 4 leads to be used for attaching the 
LM391 1 to the temperature souce. The LM391 1 is rated for 
operation over a -25°C to +85°C temperature range. 

Features 

■ Uncalibrated accuracy ±10°C 

■ Internal op amp with frequency compensation 

■ Linear output of 10 mV/°K (10 mV/°C) 

■ Can be calibrated in degrees Kelvin, Celsius or 
Fahrenheit 

■ Output can drive loads up to 35V 

■ Internal stable voltage reference 

■ Low cost 


Block Diagram 



Ground Referred 
Centigrade Thermometer 


Proportioning Temperature 
Controller 



> Trims out initial zener tolerance. 
Set output to read C 


r s =(V+- 6.8V) kft 



Note 2: RIO = 


jV+| + |V~| - 7V 
0.001 5A 

Note 3: Either V - or V+ can be ground. 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, Output Short Circuit Duration Indefinite 

contact the National Semiconductor Sales Office/ Operating Temperature Range — 25°Cto +85°C 

Distributors for availability and specifications. storage Temperature Range - 6 5°C to +150 « c 

Supply Current (Externally Set) 1 0 mA Legd Temperature (Soldering , 10 seconds) 260 -C 

Output Collector Voltage, V + + 36V 

Feedback Input Voltage Range OV to + 7.0V 

Electrical Characteristics (Notei) 





Parameter 

Conditions 

Min 

Typ 

Max 

Units 

SENSOR | 

Output Voltage 

T A =— 25°C, (Note 2) 

2.36 

2.48 

2.60 

V 

Output Voltage 

T a = +25°C, (Note 2) 

2.88 

2.98 

3.08 

V 

Output Voltage 

T a =+ 85°C, (Note 2) 

3.46 

3.58 

3.70 

V 

Linearity 

AT = 100°C 


0.5 

2 

% 

Long-Term Stability 



0.3 


% 

Repeatability 



0.3 


% 

VOLTAGE REFERENCE | 

Reverse Breakdown Voltage 

1 mA^l z ^5 mA 

6.55 

6.85 

7.25 

V 

Reverse Breakdown Voltage 
Change With Current 

1 mA^l z ^5 mA 


10 

35 

mV 

Temperature Stability 



20 

85 

mV 

Dynamic Impedance 

l z =1 mA 


3.0 


_.._a 

RMS Noise Voltage 

10Hz<;f<;i0kHz 


30 


MV 

Long Term Stability 

T a =+85°C 


6.0 



mV 

OP AMP 1 

Input Bias Current 

T a =+25°C 


35 

150 

nA 

Input Bias Current 



45 

250 

nA 

Voltage Gain 

R L = 36k, V+ + =36V 

2500 

15000 


V/V 

Output Leakage Current 

T a = 25°C (Note 3) 


0.2 

2 

jaA 

Output Leakage Current 

(Note 3) 


1.0 

8 

julA 

Output Source Current 

V O ut^3.70 

10 



juA 

Output Sink Current 

1V^V 0 ut^36V 

2.0 



mA 

Note 1: These specifications apply for -25 °C^Ta^ +85°C and 0.9 mA ^Isupply^ 1 - 1 mA unless otherwise specified; Cl^ 50 pF. 

Note 2: The output voltage applies to the basic thermometer configuration with the output and input terminals shorted and a load resistance of ^ 1.0 Mft. This is 
the feedback sense voltage and includes errors in both the sensor and op amp. This voltage is specified for the sensor in a rapidly stirred oil bath. The output is 
referred to V + . 

Note 3: The output leakage current is specified with ^ 100 mV overdrive. Since this voltage changes with temperature, the voltage drive for turn-off changes and is 
defined as Vout (with output and input shorted) -100 mV. This specification applies for Vout=36V. 

Application Hints 

Although the LM391 1 is designed to be totally trouble-free, 
certain precautions should be taken to insure the best pos- 
sible performance. 

As with any temperature sensor, internal power dissipation 
will raise the sensor’s temperature above ambient. Nominal 
suggested operating current for the shunt regulator is 1 .0 
mA and causes 7.0 mW of power dissipation. In free, still, air 
this raises the package temperature by about 1.2°K. Al- 
though the regulator will operate at higher reverse currents 
and the output will drive loads up to 5.0 mA, these higher 
currents will raise the sensor temperature to about 19°K 
above ambient-degrading accuracy. Therefore, the sensor 
should be operated at the lowest possible power level. 

With moving air, liquid or surface temperature sensing, self- 
heating is not as great a problem since the measured 

media will conduct the heat from the sensor. Also, there are 
many small heat sinks designed for transistors which will 
mprove heat transfer to the sensor from the surrounding 
medium. A small finned clip-on heat sink is quite effective in 
free-air. It should be mentioned that the LM391 1 die is on 
the base of the package and therefore coupling to the base 
s preferable. 

The internal reference regulator provides a temperature sta- 
ble voltage for offsetting the output or setting a comparison 
point in temperature controllers. However, since this refer- 
ence is at the same temperature as the sensor temperature, 
changes will also cause reference drift. For application 
where maximum accuracy is needed an external reference 
should be used. Of course, for fixed temperature controllers 
the internal reference is adequate. 
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Typical Performance Characteristics 


Temperature 

Conversion 


TcENTIGRADE = Tc 
^FAHRENHEIT = Tp 
t KELVIN = t K 
Tk = Tc + 273.16 

T C = (40 + T F ) ^ -40 

T F = (40 + T c ) l -40 
o 


Op Amp Input Current 



TEMPERATURE (°C) 


< 

E 


Power Supply Current 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

0EVICE VOLTAGE (V) 


Output Saturation 
Voltage 



0 1.0 2.0 3.0 4.0 5.0 

SATURATION VOLTAGE (V) 
(REFFERED TO V") 


Thermal Time Constant 
in Stirred Oil Bath 



TIME (SECONDS) 


Thermal Time Constant in 
Still Air 


0 2.0 4.0 6.0 8.0 10 12 14 

TIME (MINUTES) 


Supply Sensitivity 



4.0 5.0 6.0 1.0 2.0 3.0 4.0 5.0 

SUPPLY SUPPLY 

VOLTAGE (V) CURRENT (mA) 


Device Temperature Rise 



0 2.0 4.0 6.0 8.0 10 

SHUNT REGULATOR CURRENT (mA) 


Device Temperature Rise 

10 



0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 

OUTPUT SINK CURRENT (mA) 


Reference Regulation 

50 

40 

30 

20 

10 


0 2.0 4.0 6.0 8.0 10 12 

SUPPLY CURRENT (mA) 



Turn “ON” Response 



Amplifier Output Impedance 



j.i 

10 100 1.0k 10k 100k 


FREQUENCY (Hz) 


TL/H/5701 -2 



Schematic Diagram 


v + 




Typical Applications (Continued) 

Basic Thermometer for Negative Supply 



Basic Thermometer 
for Positive Supply 



OUTPUT 
10 mVy°K 


R s = (V- - 6.8V) X 103n 


External Frequency Compensation 
for Greater Stability when Driving 
Capacitive Loads 



Operating With External Zener for 
Lower Power Dissipation 


15V 



Increasing Gain and Output Drive 



Temperature Controller With Hysteresis 



’Output goes positive on temperature increase 
tSet temperature TL/H/5701-3 
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Typical Applications (Continued) 

Thermometer With Meter Output 



(V 2 ) 0.01 AT *' 
: l M (V Z - 0.01 T 0 ) 


Meter Thermometer With Trimmed Output 


2 V 

Select Iq <: — 

nz 0-01 Tp ~ IqRI 
Iq 

Vz 

R3 = —= — R1 — R2 

(»4) 

V z = Shunt regulator voltage (use 6.85) 
AT = Meter temperature span (°K) 

Im = Meter full scale current (A) 

To = Meter zero temperature (°K) 

Iq = Current through R1 , R2, R3 at zero 
meter current (1 0 juA to 1 .0 mA) (A) 

"Values shown for: 



T 0 = 300°K, AT = 100°K, 

Im = 1.0 mA, Iq = 100 juA 

""The 0.01 in the above and following equations is in units of V/°K or V/°C, 
and is a result of the basic 0.01 V/°K sensitivity of the transducer 


"Selected as for meter thermometer except To should 
be 5°K more than desired and Iq = 100 juA 
t Calibrates To 


Ground Referred Thermometer 




R2 (SI) ■■ 




0.01 , 

R1 R3 . 


T H (V Z - 0.01 Tl) - T L (V Z - 0.01 T H ) 


R 3 (n) :> 




Ih- 


IlT h 


i 


j_ = 

R4 (V Z - 0.01 T L )(R2) 


(R2)(0.01 T l ) 
R1 


/'Vz-O.OITl ,v 

l R2 lL J 


J- + -L 

R2 R3 


' R2 


Tl = Temperature for Il( K) 

Th = Temperature for Ih( K) 

V z = Zener voltage (V) 

II = Low temperature output current (A) 

Ih = High temperature output current (A) 

"Values shown for Iout" 1 mA to 10 mA for 10°F to 100°F 
tSet temperature 


TL/H/5701-4 

* "The 0.01 in the above and following equations is in units of V/°K or V/°C, and is a result of the basic 0.01 V/°K sensitivity of the transducer 
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Typical Applications (Continued) 

Over Temperature Detectors With Common Output 


15V 



Two-Wire Remote A.C. Electronic Thermostat (Gas or Oil Furnace Control) 



TL/H/5701 -8 

‘Solenoid or 6-15W heater 

tPot will provide about a 50°F to 90°F setting range. The trim resistor (100k) is selected 
to bring 70°F near the middle of the pot rotation. 

SCR heating, by proper positioning, can preheat the sensor giving control anticipa- 
tion as is presently used in many home thermostats. 

Electronic Thermostat 


BLACK 
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Typical Applications (Continued) 


Three-Wire Electronic Thermostat 



1N4DD2 (4) OR USE EQUIV. BRIDGE 


Divider is set for a nominal 0°C-125°C range. 
Wire wound resistors will provide maximum 
temperature stability. 

Almost any TRIAC rated 1 to 35 amperes 
usable with appropriate load. 

Differential Thermometer 


Kelvin Thermometer With 
Ground Referred Output 



V S + - 6.8V X 103ft 


Connection Diagrams 



VOUT - 0.01 (Sl±5») (T 2 - Tl )«l JiSo 

' 1 ^ TRIM 

Output can swing ±3V at ±50 ju,A | 

with low output impedance -15V 

""The 0.01 in the above equation is in units of V/°K or V/°C, and is a result 
of the basic 0.01 V/°K sensitivity of the transducer 


Dual-ln-Line Package 


TO-46 Package 




Note: Pin 4 connected to case. 


Order Number LM3911N 
See NS Package N08E 


Order Number LM3911H-46 
See NS Package H04A 
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Voltage Reference Selection Guide 


Shunt Type 


Reverse Breakdown 
Voltage (V R ) 

Device 

Operating 

Temp. 

Range* 

Voltage 
Tolerance 
Max, T a = 25°C 

Temperature 

Drift 

Operating 
Current Range, Ir 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

1.22 

LM113-2 

M 

±1% 

50 (Typ) 

— 55°C to + 1 25°C 

500 jllA to 20 mA 

0.8 

1.22 

LM113-1 

M 

±2% 

50 (Typ) 

— 55°Cto +125°C 

500 jllA to 20 mA 

0.8 

1.22 

LM113 

M 

±5% 

100 (Typ) 

— 55°C to + 1 25°C 

500 fxA to 20 mA 

0.8 

1.22 

LM313 

C 

±5% 

100 (Typ) 

0°C to +70°C 

500 jllA to 20 mA 

0.8 

1.235 

LM185BX-1.2 

M 

±1% 

30 

— 55°C to -f 125°C 

10 ju.A to 20 mA 

1 

1.235 

LM185BY-1.2 

M 

±1% 

50 

— 55°C to + 125°C 

10 julA to 20 mA 

1 

1.235 

LM185-1.2 

M 

±1% 

150 

— 55°C to + 125°C 

1 0 jllA to 20 m A 

1 

1.235 

LM285BX-1.2 

1 

±1% 

30 

— 40°C to +85°C 

1 0 fxA to 20 m A 

1 

1.235 

LM285BY-1.2 

1 

±1% 

50 

— 40°C to +85°C 

1 0 fjL A to 20 m A 

1 

1.235 

LM285-1.2 

1 

±1% 

150 

— 40°C to +85°C 

10 julA to 20 mA 

1 

1.235 

LM385BX-1 .2 

C 

±1% 

30 

0°C to +70°C 

15 juA to 20 mA 

1 

1.235 

LM385BY-1.2 

C 

±1% 

50 

0°C to + 70°C 

1 5 julA to 20 mA 

1 

1.235 

LM385B-1.2 

c 

±1% 

150 

0°C to +70°C 

1 5 jllA to 20 mA 

1 

1.235 

LM385-1.2 

c 

+ 2%, -2.4% 

150 

0°C to + 70°C 

1 5 julA to 20 mA 

1 

1.24 to 5.3 (Adj.) 

LM185B 

M 

±1% 

150 

— 55°C to + 1 25°C 

1 0 jllA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM185BX 

M 

±1% 

50 

— 55°C to + 1 25°C 

1 0 ju, A to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM185BY 

M 

±1% 

50 

— 55°C to •+■ 1 25°C 

1 0 julA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285BX 

1 

±1% 

30 

-40°C to +85°C 

1 0 jllA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285BY 

1 

±1% 

50 

— 40°C to +85°C 

10 julA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM285 

1 

±2% 

150 

— 40°C to +85°C 

10 julA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM385BX 

C 

±1% 

30 

0°C to +70°C 

1 3 juA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM385BY 

c 

±1% 

50 

0°C to + 70°C 

13 fiA to 20 mA 

0.3 

1.24 to 5.3 (Adj.) 

LM385 

c 

±2% 

150 

0°C to + 70°C 

13 julA to 20 mA 

0.3 

2.49 

LM136A 

M 

±1% 

72 

— 55°C to + 1 25°C 

400 julA to 10 mA 

0.4 

2.49 

LM136 

M 

±2% 

72 

— 55°C to + 1 25°C 

400 jllA to 1 0 mA 

0.4 

2.49 

LM236A 

1 

±1% 

72 

— 25°C to +85°C 

400 julA to 1 0 mA 

0.4 

2.49 

LM236 

1 

±2% 

72 

— 25°C to +85°C 

400 jjlA to 10 mA 

0.4 

2.49 

LM336 

1 

±4% 

54 

0°C to +70°C 

400 jllA to 1 0 mA 

0.4 

2.49 

LM336B 

C 

±2% 

54 

0°C to +70°C 

400 julA to 10 mA 

0.4 

2.5 

LM185BX-2.5 

M 

±1.5% 

30 

— 55°C to + 1 25°C 

20 julA to 20 mA 

1 

2.5 

LM185BY-2.5 

M 

±1.5% 

50 

— 55°C to + 125°C 

20 jllA to 20 mA 

1 

2.5 

LM185B-2.5 

M 

±1.5% 

150 

— 55°C to +125°C 

20 juA to 20 mA 

1 

2.5 

LM285BX-2.5 

1 

±1.5% 

30 

— 40°C to +85°C 

20 jllA to 20 mA 

1 

2.5 

LM285BY-2.5 

1 

±1.5% 

50 

— 40°C to +85°C 

20 jllA to 20 mA 

1 

2.5 

LM285-2.5 

1 

±1.5% 

150 

— 40°C to +85°C 

20 julA to 20 mA 

1 

2.5 

LM385BX-2.5 

C 

±1.5% 

30 

0°C to +70°C 

20 julA to 20 mA 

1 

2.5 

LM385BY-2.5 

C 

±1.5% 

50 

0°Cto + 70°C 

20 juA to 20 mA 

1 

2.5 

LM385B-2.5 

c 

±1.5% 

150 

0°C to + 70°C 

20 juA to 20 mA 

1 

2.5 

LM385-2.5 

c 

±3% 

150 

0°C to +70°C 

20 julA to 20 mA 

1 




Voltage Reference Selection Guide 



Voltage Reference Selection Guide 


Shunt Type (Continued) 


Reverse Breakdown 
Voltage (V R ) 

Device 

Operating 

Temp. 

Range* 

Voltage 
Tolerance 
Max, T a = 25° C 

Temperature 

Drift 

Operating 
Current Range, l R 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

5.0 

LM136A 

M 

±1% 

72 

— 55°C to +125°C 

400 juA to 10 mA 

0.8 

5.0 

LM136 

M 

±2% 

72 

— 55°C to + 1 25°C 

400 jaA to 10 mA 

0.8 

5.0 

LM236A 

1 

±1% 

72 

— 25°C to +85°C 

400 jaA to 1 0 mA 

0.8 

5.0 

LM236 

1 

±2% 

72 

— 25°C to +85°C 

400 jaA to 10 mA 

0.8 

5.0 

LM336B 

C 

±2% 

54 

0°C to +70°C 

400 ja A to 1 0 m A 

0.8 

5.0 

LM336 

C 

±4% 

54 

0°C to +70°C 

400 jaAto 10 mA 

0.8 

6.9 

LM129A 

M 

+ 3%, -2% 

10 

— 55°C to + 1 25°C 

600 jaA to 1 5 mA 

0.6 

6.9 

LM129B 

M 

+ 3%, -2% 

20 

— 55°C to + 1 25°C 

600 jaA to 1 5 mA 

0.6 

6.9 

LM129C 

M 

+ 3%, -2% 

50 

— 55°C to + 1 25°C 

600 jaAto 15 mA 

0.6 

6.9 

LM329B 

C 

±5% 

50 

0°C to +70°C 

600 jaA to 1 5 mA 

0.8 

6.9 

LM329C 

C 

±5% 

20 

0°C to + 70°C 

600 juA to 1 5 mA 

0.8 

6.9 

LM329D 

C 

±5% 

100 

0°C to +70°C 

600 jaA to 1 5 mA 

0.8 

6.95 

LM199A 

M 

±2% 

0.5 

— 55°C to + 1 25°C 

500 juA to 1 0 m A 

0.5 

6.95 

LM199A-20 

M 

Same as LM1 99 A with 20 ppm guaranteed long term drift. 


6.95 

LM199 

M 

±2% 

1.0 

— 55°Cto + 1 25°C 

500 jaA to 1 0 mA 

0.5 

6.95 

LM299A 

1 

±2% 

0.5 

— 25°Cto +85°C 

500 jaA to 1 0 m A 

0.5 

6.95 

LM299A-20 

1 

Same as LM299A with 20 ppm guaranteed long term drift. 


6.95 

LM299 

1 

±2% 

1 

— 25°C to +85°C 

500 jaA to 10 mA 

0.5 

6.95 

LM399A 

C 

+ 5% 

1 

0°C to +70°C 

500 jaA to 10 mA 

0.5 

6.95 

LM399A-50 

C 

Same as LM399A with 50 ppm guaranteed long term drift. 


6.95 

LM399 

c 

±5% 

2 

0°Cto +70°C 

500 jaA to 1 0 mA 

0.5 

6.95 

LM3999 

c 

±5% 

5 

0°Cto +70°C 

600 jaA to 10 mA 

0.6 


*C (Commercial) = 0°C to 70°C, I (Industrial) = -25°C to +85°C for the LM236 and LM299, 1 = -40°C to +85°C for all others. 
M (Military) = -55°Cto +125°C 


Current References 


Output Current 
Range 

Device 

Operating 

Temperature 

Range 

Set Current Error 

Operating 

Voltage 

Range 

Set Current 
Temperature 
Dependence* 

2 jaA to 10 jaA 

10 jaA to 1 mA 

1 mA to 5 mA 

2 jaA to 10 mA 

LM134 

— 55°C to + 1 25°C 

±8% 

±3% 

±5% 

IV to 40V 

0.96T to 0.1 04T 

2 jaA to 10 mA 

LM 134-3 

— 55°C to + 1 25°C 

N/A 

±1% 

N/A 

IV to 40 V 

0.98T to 0.1 02T 

2 jaA to 10 mA 

LM 134-6 

— 55°C to + 1 25°C 

N/A 

±2% 

N/A 

IV to 40 V 

0.97T to 0.1 03T 

2 jaA to 1 0 mA 

LM234 

— 25°C to +100°C 

±8% 

±3% 

±5 

IV to 40 V 

0.96T to 0.1 04T 

2 jaA to 1 0 mA 

LM234-3 

— 25°C to +100°C 

N/A 

±1% 

N/A 

IV to 40 V 

0.98T to 0.1 02T 

2 jaA to 10 mA 

LM234-6 

— 25°C to +100°C 

N/A 

±2% 

N/A 

IV to 40V 

0.97T to 0.1 03T 

2 jaA to 10 mA 

LM334 

0°C to + 70°C 

±12% 

±6% 

±8% 

IV to 40 V 

0.96T to 0.1 04T 


’Set current changes linearly with temperature at a rate of 0.33%/°C. 




Series Type (Buffered Output) 


Output 

Voltage 

Device 

Oper. 

Temp. 

| Range* 

Voltage 
Tolerance 
Max, T a = 25°C 

Temperature 

Drift 

Load Reg. 
ppm/mA 

Over 

Current 

Range 

Quiescent 

Current 

(mA) 

ppm/°C 

(Max) 

Over 

Range 

2.5 

LM368Y-2.5 

C 

±0.2% 

20 

0°C to + 70°C 

25 

0 mA to + 1 0 mA 

0.55 

2.5 

LM368-2.5 

C 

±0.2% 

30 

0°C to + 70°C 

25 

0 mA to + 1 0 mA 

0.55 

5.0 

LM168BY-5.0 

M 

±0.05% 

10 

— 55°C to +125°C 

10 

-10 mAto +10 mA 

0.35 

■ 

LM268BY-5.0 

1 

±0.05% 

15 

— 40°C to +85°C 

10 

— 10 mAto +10 mA 

0.35 

■ 

LM368BY-5.0 

C 

±0.1% 

20 

0°C to +70°C 

10 

-10 mAto +10 mA 

0.35 


LM368-5.0 

c 

±0.1% 

30 

0°C to + 70°C 

10 

-10 mAto +10 mA 

0.35 

10 

LM169B 

M 

±0.05% 

3 

— 55°C to +125°C 

8 

-10 mAto +10 mA 

1.8 

10 

LM168BY-10 

M 

±0.05% 

10 

— 55°C to + 1 25°C 

10 

-10 mAto +10 mA 

0.35 

10 

LH0070-2 

M 

±0.05% 

8 

— 40°C to +85°C 

60 

0 to 5 mA 

5 

10 

LM169 

M 

±0.05% 

5 

— 55°C to + 125°C 

8 

— 10 mAto + 10 mA 

1.8 

10 

LM581U 

M 

±0.05% 

10 

— 55°C to + 1 25°C 

50 

0 mA to 5 mA 

1.8 

10 

LH0070-0 

M 

±0.1% 

40 

— 40°C to +85°C 

60 

0 mA to 5 mA 

5 

10 

LM581T 

M 

±0.1% 

10 

— 55°C to ±125°C 

50 

0 mA to 5 mA 

1.8 

10 

LH0070-1 

M 

±0.1% 

20 

— 40°C to +85°C 

60 

0 mA to 5 mA 

5 

10 

LM581S 

M 

±0.3% 

30 

— 55°C to + 1 25°C 

50 

0 mA to 5 mA 

1.8 

10 

LM268BY-10 

1 

±0.05% 

15 

— 40°C to +85°C 

10 

-10 mAto +10 mA 

0.35 

10 

LM581L 

C 

±0.05% 

5 

0°C to +70°C 

50 

0 mA to 5 mA 

1.8 

10 

LM369C 

c 

±0.05% 

10 

0°C to + 70°C 

8 

-10 mAto +10 mA 

1.8 

10 

LM369 

c 

±0.05% 

5 

0°C to +70°C 

8 

- 1 0 m A to + 1 0 m A 

1.8 

10 

LM369B 

c 

±0.05% 

3 

0°C to + 70°C 

8 

-10 mAto +10 mA 

1.8 

10 

LM581K 

c 

±0.1% 

10 

0°C to + 70°C 

50 

0 mA to 5 mA 

1.8 

10 

LM368Y-10 

c 

±0.1% 

20 

0°C to +70°C 

10 

— 1 0 m A to +10 m A 

0.35 

10 

LM368-10 

c 

±0.1% 

30 

0°C to + 70°C 

10 

-10 mAto +10 mA 

0.35 

10 

LM369D 

c 

±0.1% 

30 

0°Cto+70°C 

8 

- 1 0 m A to +10 m A 

2 

10 

LM581J 

c 

±0.3% 

30 

0°C to + 70°C 

50 

0 mA to 5 mA 

1.8 

10.24 

LH0071-2 

M 

±0.05% 

8 

— 40°C to +85°C 

60 

0 mA to 5 mA 

5 

10.24 

LH0071-1 

M 

±0.1% 

20 

— 40°C to +85°C 

60 

0 mA to 5 mA 

5 

10.24 

LH0071-0 

M 

±0.1% 

30 

— 40°C to +85°C 

60 

0 mA to 5 mA 

5 


*C (Commercial) = 0°C to 70°C, I (Industrial) = -40°C to +85°C, M (Military) = -55°C to + 125°C 


Low Current Reference Diodes 


Output 

Voltage 

Device 

Operating 

Temp. 

Range* 

Voltage 

Tolerance 

Max, T a = 25° C 

Temperature 

Drift 

Operating 
Current Range, Ir 

Output 

Dynamic 

Impedance 

(Typ) 

ppm/°C 

(Max) 

Over 

Range 

3.0 

LM1 03-3.0 

M 

±10% 

-1700 

— 55°C to + 1 25°C 

10 jaA to 10 mA 

25 

3.3 

LM1 03-3.3 

M 

±10% 

-1500 

— 55°C to + 1 25°C 

1 0 ja A to 1 0 m A 

25 

3.6 

LM1 03-3.6 

M 

±10% 

-1400 

— 55°C to + 1 25°C 

10 /xA to 10 mA 

25 

3.9 

LM1 03-3.9 

M 

±10% 

-1300 

— 55°C to + 125°C 

10 ju,A to 10 mA 

25 


*M (Military) = -55°C to +125°C 
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Voltage Reference Selection Guide 



Voltage Reference Selection Guide 


“Reference Grade” Voltage Regulators* 


Output 

Voltage 

Device 

Operating 

Temperature 

Range 

Voltage 
Tolerance 
Max, Ta = 25°C 

Output 
Variation 
Over Operating 
Range 

Load Reg. 
ppm/mA 

Line Reg. 
ppm/V 

Output 

Current 

(Max) 

Quiescent 

Current 

Adjustable: 

LP2951 

— 55°C to + 1 50°C 

±0.5% 

±0.5% 

100 


100 mA 

120 jliA 

1.235V to 30V 

LP2951AC 

— 40°C to + 125°C 

±0.5% 

±0.5% 

100 


100 mA 

120 fxA 


LP2951C 

— 40°C to + 125°C 

±1% 

±1% 

200 


100 mA 

120 /xA 

Programmable: 

LH0075 

— 55°C to + 125°C 

±0.5% 

±0.14% (Typ) 

15 

200 

200 mA 

8 mA 

5V, 6V, 10V, 12V, 15V 

LH0075C 

0°C to +70°C 

±1% 

±0.3% (Typ) 

25 

400 

200 mA 

10 mA 

Programmable 
— 5V, — 6V, -10V 

LH0076 

— 55°Cto + 125°C 

±0.5% 

±0.14% (Typ) 

15 

200 

200 mA 

15 mA 

-10V, -15V 

LH0076C 

0°CtO +70°C 

±1% 

±0.3% (Typ) 

25 

400 

200 mA 

15 mA 

5V 

LP2950AC 

— 40°Cto + 125°C 

±0.5% 



42 

100 mA 

120 ju, A 

5V 

LP2950C 

— 40°C to +125°C 

±1% 



83 

100 mA 

120 fiA 


•For more information on these circuits, refer to the Voltage Regulator section of the Databook. 
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National 

Semiconductor 

Corporation 


LH0070 Series Precision BCD Buffered Reference 
LH0071 Series Precision Binary Buffered Reference 


General Description 

The LH0070 and LH0071 are precision, three terminal, volt- 
age references consisting of a temperature compensated 
zener diode driven by a current regulator and a buffer ampli- 
fier. The devices provide an accurate reference that is virtu- 
ally independent of input voltage, load current, temperature 
and time. The LH0070 has a 10.000V nominal output to 
provide equal step sizes in BCD applications. The LH0071 
has a 10.240V nominal output to provide equal step sizes in 
binary applications. 

The output voltage is established by trimming ultra-stable, 
low temperature drift, thin film resistors under actual operat- 
ing circuit conditions. The devices are shortcircuit proof in 
both the current sourcing and sinking directions. 

The LH0070 and LH0071 series combine excellent long 
term stability, ease of application, and low cost, making 


them ideal choices as reference voltages in precision D to A 
and A to D systems. 

Features 

■ Accuracy output voltage 
LH0070 
LH0071 

■ Single supply operation 

■ Low output impedance 

■ Excellent line regulation 

■ Low zener noise 

■ 3-lead TO-5 (pin compatible with the LM109) 

■ Short circuit proof 

■ Low standby current 3 mA 


10V ±0.02% 
10.24V ±0.02% 
11.4V to 40V 

0.2a 

0.1 mV/V 
20 jaVp-p 


Equivalent Schematic 



Typical Applications 


Connection Diagram 


TO-5 Metal Can Package 



BOTTOM VIEW 


TL/H/5550-7 


Order Number LH0070-0H, LH0071-0H, LH0070-1H, 
LH0071-1H, LH0070-2H or LH0071-2H 
See NS Package Number H03B 


Statistical Voltage Standard 



* Output Voltage Fine Adjustment 


♦ 15V 



*Note: The output of the LH0070 and LH0071 may be adjusted to a precise voltage by using the above circuit since the supply current of the devices is 
relatively small and constant with temperature and input voltage. For the circuit shown, supply sensitivities are degraded slightly to 0.01 %/V change in Vout 
for changes in V|n and V~. 

An additional temperature drift of 0.0001 %/°C is added due to the variation of supply current with temperature of the LH0070 and LH0071. Sensitivity to the 
value of R1, R2 and R3 is less than 0.001 %/%. 
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LH0070/LH0071 







LH0070/LH0071 


Absolute Maximum 1 

If Military/ Aerospace specifiet 
contact the National Semicc 
Distributors for availability and 
(Note 4) 

Supply Voltage 

Power Dissipation (See Curve) 

Electrical Character 

Ratings 

i devices are required, Short Circuit Duration Continuous 

nductor Sales Office/ Output Current ± 20 mA 

specifications. Operating Temperature Range - 55°C to + 1 25°C 

4QV Storage T emperature Range - 65°C to ± 1 50°C 

Lead Temp. (Soldering, 10 seconds) 300°C 

buu mw 

istics (Note 1) 

Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Output Voltage 

LH0070 

LH0071 

T a = 25°C 


10.000 

10.24 


V 

V 

Output Accuracy 
-0, -1 
-2 

T a = 25°C 


±0.03 

±0.02 

±0.1 

±0.05 

% 

% 

Output Accuracy 
-0, -1 
-2 

T a = — 55°C, 125°C 



±0.3 

±0.2 

% 

% 

Output Voltage Change With 
Temperature 
-0 

-1 

-2 

(Note 2) 


±0.02 

±0.01 

±0.2 

±0.1 

±0.04 

% 

% 

% 

Line Regulation 
-0, -1 
-2 

13V^V| N ^33V,T c = 25 0 C 


0.02 

0.01 

0.1 

0.03 

% 

% 

Input Voltage Range 

Rl = so kn 

11.4 


40 

V 

Load Regulation 

0 mA^louT^S mA 


0.01 

0.03 

% 

Quiescent Current 

13V<;V| N £33V, l O UT = 0mA 

1 

CO 

5 

mA 

Change In Quiescent Current 

AV|m = 20V From 23V To 33V 


0.75 

1.5 

mA 

Output Noise Voltage 

BW= 0.1 Hz To 10 Hz, T A = 25°C 


20 


fiVp-p 

Ripple Rejection 

f = 120 Hz 


0.01 


%/Vp-p 

Output Resistance 



CM 

o 

CD 

d 

n 

Long Term Stability 
-0, -1 
-2 

T a = 25°C (Note 3) 



±0.2 

±0.05 

%/yr. 

%/yr. 

Thermal Resistance 

0j a (Junction to Ambient) 

0 jc (Junction to Case) 

Tj = 150°C 

1 

200 

100 


0 d 

1 £ 

Note 1: Unless otherwise specified, these specifications apply for V|n = 15.0V, R|_ = 10 kn, and over the temperature range of -55 # C^Ta^ + 125°C. 

Note 2: This specification is the difference in output voltage measured at Ta= 85°C and Ta= 25°C or Ta = 25°C and Ta= -25°C with readings taken after test 
chamber and device-under-test stabilization at temperature using a suitable precision voltmeter. 

Note 3: This parameter is guaranteed by design and not tested. 

Note 4: Refer to the following RETS drawings for military specifications: 

RETS0070-0H for LH0070-0H RETS0071-0H for LH0071-0H 

RETS0070-1 H for LH0070-1 H RETS0071 -1 H for LH0071 -1 H 

RETS0070-2H for LH0070-2H RETS0071 -2H for LH0071-2H 
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Typical Performance Characteristics 

Quiescent Current vs Input 
Maximum Power Dissipation Voltage 


100°C 

L°JC a — ^ — . t J(MAX) = 150°C 


25 50 75 100 125 150 

AMBIENT TEMPERATURE fC) 


T 

3 —5 

FT 

| 

T 

A‘ + 25°C^ 


1 

A a+ 1 

25 C > 


— 

— 

P 





f 




1 





1 









z 






5 10 15 20 25 30 35 

INPUT VOLTAGE (V) 


Normalized Output Voltage 
vs Temperature 


stassssSssss 



-50 -25 0 25 50 75 100 125 

CASE TEMPERATURE ( C) 


Step Load Response 








' 



C L = 10 pF | 



□ 



□ 

L - 0.01 mF I 











LDELTA CURRENT = 5 mA 
PULSE WIDTH = 2 ms 


1 2 3 4 5 

TIME ( M $) 


Output Short Circuit 
Characteristics 


T A = +125'Cv 
8 -T A = +25“CU 
T a = -55'(K 


5 10 15 20 25 30 

OUTPUT CURRENT (mA) 


Noise Voltage 



Typical Applications (Continued) 


Expanded Scale AC Voltmeter 

1 40— 1 80V PEAK 


NOMINAL 

1 17Vims 10 mF. 

AC LINE 200V- 


0-1 mA METER 

0 mA = 100V ACrms 

1 mA = 130V ACrms 
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LH0070/LH0071 





LH0070/LH0071 


Typical Applications (Continued) 

Dual Output Bench Power Supply 



Boosted Reference For 

Negative 10V Reference Low Input Voltages 



-15V 


TL/H/5550-5 





National 
Semiconductor 
Corporation 

LM103 Reference Diode** 

General Description 

The LM103 is a two-terminal monolithic reference diode 
electrically equivalent to a breakdown diode. The device 
makes use of the reverse punch-through of double-diffused 
transistors, combined with active circuitry, to produce a 
breakdown characteristic which is ten times sharper than 
single-junction zener diodes at low voltages. Breakdown 
voltages from 3.0V to 3.9V are available; and, although the 
design is optimized for operation between 100 p,A and 1 
mA, it is completely specified from 1 0 ju, A to 1 0 mA. 

Features 

■ Exceptionally sharp breakdown 
o Low dynamic impedance from 10 /xA to 10 mA 


■ Performance guaranteed over full military temperature 
range 

b Planar, passivated junctions for stable operation 
a Low capacitance. 

The LM103, packaged in a hermetically sealed, modified 
TO-46 header is useful in a wide range of circuit applications 
from level shifting to simple voltage regulation. It can also 
be employed with operational amplifiers in producing break- 
points to generate nonlinear transfer functions. Finally, its 
unique characteristics recommend it as a reference element 
in low voltage power supplies with input voltages down to 
4V. 



Schematic and Connection Diagrams 



Typical Applications 

Saturating Servo Preamplifier 
with Rate Feedback 



200 mA Positive Regulator 



* ‘Covered by U.S. Patent Number 3,571,630 
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LM113/LM313 


National 

Semiconductor 

Corporation 



LM113/LM313 Reference Diode 


General Description 

The LM1 13/LM313 are temperature compensated, low volt- 
age reference diodes. They feature extremely-tight regula- 
tion over a wide range of operating currents in addition to an 
unusually-low breakdown voltage and good temperature 
stability. 

The diodes are synthesized using transistors and resistors 
in a monolithic integrated circuit. As such, they have the 
same low noise and long term stability as modern 1C op 
amps. Further, output voltage of the reference depends only 
on highly-predictable properties of components in the 1C; so 
they can be manufactured and supplied to tight tolerances. 

Features 

■ Low breakdown voltage: 1 .220V 


■ Dynamic impedance of 0.3H from 500 juA to 20 mA 

■ Temperature stability typically 1% over-55°C to 125°C 
range (LM113), 0°C to 70°C (LM313) 

■ Tight tolerance: ±5%, ±2% or ±1% 

The characteristics of this reference recommend it for use in 
bias-regulation circuitry, in low-voltage power supplies or in 
battery powered equipment. The fact that the breakdown 
voltage is equal to a physical property of silicon — the ener- 
gy-band gap voltage — makes it useful for many tempera- 
ture-compensation and temperature-measurement func- 
tions. 


Schematic and Connection Diagrams 



Metal Can Package 



Note: Pin 2 connected to case. 
TOP VIEW 


Order Number LM1 13H or 
LM113-1H or LM1 13-2H or LM313H 
See NS Package Number H02A 


TL/H/5713-1 


Typical Applications 


Level Detector for Photodiode 



Low Voltage Regulator 


V,n >3V 
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Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 3) 

Power Dissipation (Note 1 ) 100 mW 

Reverse Current 50 mA 

Forward Current 50 mA 


Storage Temperature Range 
Lead Temperature 
(Soldering, 10 seconds) 
Operating Temperature Range 
LM113 
LM313 


— 65°C to 4- 1 50°C 

300°C 

— 55°Cto+125°C 

0°C to +70°C 


Electrical Characteristics (Note 2 ) 


Parameter 

Conditions 

Min 

Typ 

Max 

Units 

Reverse Breakdown Voltage 






LM1 13/LM313 

Ir = 1 mA 

1.160 

1.220 

1.280 

V 

LM113-1 

1.210 

1.22 

1.232 

V 

LM113-2 


1.195 

1.22 

1.245 

V 

Reverse Breakdown Voltage 

0.5 mA ^ Ir ^ 20 mA 


6.0 

15 

mV 

Change 



Ir = 1 mA 

Ir = 10 mA 


0.2 

1.0 

a 

Reverse Dynamic Impedance 


0.25 

0.8 

a 

Forward Voltage Drop 

\f = 1.0 mA 


0.67 

1.0 

V 

RMS Noise Voltage 

10 Hz ^ f ^ 10 kHz 

Ir = 1 mA 


5 


juV 

Reverse Breakdown Voltage 

0.5 mA ^ Ir ^ 10 mA 



15 

mV 

Change with Current 

Tmin ^ t A ^ t max 



Breakdown Voltage Temperature 

1.0 mA ^ Ir ^ 10 mA 


0.01 


%/°C 

Coefficient 

Tmin ^ t a ^ t max 




Note 1: For operating at elevated temperatures, the device must be derated based on a 150°C maximum junction and a thermal resistance of 80°C/W junction to 
case or 440°C/W junction to ambient. 


Note 2: These specifications apply for Ta = 25°C, unless stated otherwise. At high currents, breakdown voltage should be measured with lead lengths less than % 
inch. Kelvin contact sockets are also recommended. The diode should not be operated with shunt capacitances between 200 pF and 0.1 juF, unless isolated by at 
least a 100ft resistor, as it may oscillate at some currents. 

Note 3: Refer to the following RETS drawings for military specifications: RETS113-1X for LM113-1, RETS113-2X for LM113-2 or RETS113X for LM113. 


Typical Performance Characteristics 


Temperature Drift 



-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE ( c C) 


Reverse Dynamic Impedance 



0.3 1 3 10 30 

REVERSE CURRENT (mA) 


Reverse Characteristics 



0.3 1 3 10 30 

REVERSE CURRENT (mA) 


TL/H/5713-3 
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LM113/LM313 




REVERSE CURRENT (A) 


CO 


Typical Performance Characteristics (Continued) 


Reverse Characteristics 


Reverse Dynamic Impedance Noise Voltage 




0.2 0.4 0.6 0.8 1.0 1.2 1.4 

REVERSE VOLTAGE (V) 


100 Ik 10k 100k 1M 

FREQUENCY (Hi) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Forward Characteristics Response Time 


Maximum Shunt Capacitance 




m 

■mi mUKt 

in m 

iiti'MI 

BIHIBIII! 


r 



n 

In 




^ 'miTPUT L 














NPUT - 

L 











0.5 1 3 10 50 

FORWARD CURRENT (mA> 


4 8 12 16 20 

TIME (ms) 


Typical Applications (Continued) 

Amplifier Biasing for Constant Gain with Temperature 


10 * IQ 3 10 4 10 s 10 ® 10 7 

CAPACITANCE (pF) 


Constant Current Source 



Thermometer 
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National 

Semiconductor 

Corporation 


LM129/LM329 Precision Reference 


General Description 

The LM129 and LM329 family are precision multi-current 
temperature-compensated 6.9V zener references with dy- 
namic impedances a factor of 10 to 100 less than discrete 
diodes. Constructed in a single silicon chip, the LM129 uses 
active circuitry to buffer the internal zener allowing the de- 
vice to operate over a 0.5 mA to 15 mA range with virtually 
no change in performance. The LM129 and LM329 are 
available with selected temperature coefficients of 0.001, 
0.002, 0.005 and 0.01 %/°C. These new references also 
have excellent long term stability and low noise. 

A new subsurface breakdown zener used in the LM129 
gives lower noise and better long-term stability than conven- 
tional 1C zeners. Further the zener and temperature com- 
pensating transistor are made by a planar process so they 
are immune to problems that plague ordinary zeners. For 
example, there is virtually no voltage shift in zener voltage 
due to temperature cycling and the device is insensitive to 
stress on the leads. 

The LM129 can be used in place of conventional zeners 
with improved performance. The low dynamic impedance 


Connection Diagrams 


simplifies biasing and the wide operating current allows the 
replacement of many zener types. 

The LM129 is packaged in a 2-lead TO-46 package and is 
rated for operation over a -55°C to +125°C temperature 
range. The LM329 for operation over 0°C to 70°C is avail- 
able in both a hermetic TO-46 package and a TO-92 epoxy 
package. 

Features 

m 0.6 mA to 1 5 mA operating current 
a 0.6H dynamic impedance at any current 
a Available with temperature coefficients of 0.001 %/°C 
a 7jaV wideband noise 
b 5% initial tolerance 
B 0.002% long term stability 
a Low cost 
a Subsurface zener 


Metal Can Package 



TL/H/5714-6 

Bottom View 

Pin 2 is electrically connected to case 

Order Number LM129AH, LM129BH, LM129CH, 
LM329AH, LM329BH, LM329CH or LM329DH 
See NS Package H02A 


Plastic Package 



TL/H/5714-4 

Bottom View 

Order Number LM329BZ, 

LM329CZ or LM329DZ 
See NS Package Z03A 


Typical Applications 


Simple Reference 


9VT0 40V 



TL/H/5714-1 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact Vae National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 2) 

Reverse Breakdown Current 30 mA 

Forward Current 2 mA 

Operating Temperature Range 
LM129 — 55°C to + 125°C 

LM329 0°C to + 70°C 


Storage Temperature Range 
Soldering Information 
TO-92 package: 10 sec. 
TO-46 package: 10 sec. 


-55°C to + 1 50°C 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

Reverse Breakdown Voltage 

T a = 25°C, 

0.6 mA £ Ir ^ 15 mA 

Reverse Breakdown Change 
with Current (Note 3) 

T a = 25°C, 

0.6 mA ^ Ir ^ 15 mA 

Reverse Dynamic Impedance 
(Note 3) 

T a = 25°C, l R = 1 mA 


LM129A, B,C 


LM329A, B, C, D 


Min Typ Max Min Typ Max 



1 mA ^ Ir <: 1 5 mA 



T a = 25°C, 

10 Hz ^ F ^ 10 kHz 


Temperature Coefficient Ir = 1 mA 

LM129A, LM329A 6 

LM129B, LM329B 15 

LM129C, LM329C 30 

LM329D 


Change In Reverse Breakdown 
Temperature Coefficient 


Reverse Breakdown Change 
with Current 


Reverse Dynamic Impedance 


Note 1: These specifications apply for -55°C ^ Ta ^ +125°C for the LM129 and 0°C £ Ta £ +70°C for the LM329 unless otherwise specified. The maximum 
junction temperature for an LM129 is 150°C and LM329 is 100°C. For operating at elevated temperature, devices in TO-46 package must be derated based on a 
thermal resistance of 440°C/W junction to ambient or 80°C/W junction to case. For the TO-92 package, the derating is based on 180 # C/W junction to ambient with 
0.4" leads from a PC board and 160°C/W junction to ambient with 0.125" lead length to a PC board. 

Note 2: Refer to RETS129H for LM129 family military specifications. 

Note 3: These changes are tested on a pulsed basis with a low duty-cycle. For changes versus temperature, compute in terms of tempco. 
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Typical Performance Characteristics 


Reverse Characteristics 



6.45 6.55 6.65 6.75 6.65 6.95 7.05 

REVERSE VOLTAGE (V) 


Response Time 




0.001 0.01 O.t 1 10 

FORWARD CURRENT |mA) 


Dynamic Impedance 



FREQUENCY (Hz) 


Reverse Voltage Change 



0 2 4 6 B 10 

REVERSE CURRENT <mA) 


Zener Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

TL/H/5714-12 



TIME (MINUTES) 


TL/H/5714-5 
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LM 1 34/LM234/LM334 


22 


National 

Semiconductor 

Corporation 


LM134/LM234/LM334 

3-Terminal Adjustable Current Sources 

General Description 


The LM1 34/LM234/LM334 are 3-terminal adjustable cur- 
rent sources featuring 10,000:1 range in operating current, 
excellent current regulation and a wide dynamic voltage 
range of IV to 40V. Current is established with one external 
resistor and no other parts are required. Initial current accu- 
racy is ±3%. The LM134/LM234/LM334 are true floating 
current sources with no separate power supply connections. 
In addition, reverse applied voltages of up to 20V will draw 
only a few dozen microamperes of current, allowing the de- 
vices to act as both a rectifier and current source in AC 
applications. 

The sense voltage used to establish operating current in the 
LM134 is 64 mV at 25°C and is directly proportional to abso- 
lute temperature (°K). The simplest one external resistor 
connection, then, generates a current with ~ +0.33%/°C 
temperature dependence. Zero drift operation can be ob- 
tained by adding one extra resistor and a diode. 
Applications for the new current sources include bias net- 
works, surge protection, low power reference, ramp genera- 
tion, LED driver, and temperature sensing. The LM 134-3/ 


LM234-3 and LM134-6/LM234-6 are specified as true tem- 
perature sensors with guaranteed initial accuracy of ±3°C 
and ± 6°C, respectively. These devices are ideal in remote 
sense applications because series resistance in long wire 
runs does not affect accuracy. In addition, only 2 wires are 
required. 

The LM134 is guaranteed over a temperature range of 
- 55°C to + 1 25°C, the LM234 from - 25°C to + 1 00°C and 
the LM334 from 0°C to + 70°C. These devices are available 
in TO-46 hermetic, TO-92 and SO-8 plastic packages. 

Features 

■ Operates from IV to 40V 

■ 0.02% /V current regulation 

■ Programmable from 1 jxA to 10 mA 

■ True 2-terminal operation 

■ Available as fully specified temperature sensor 

■ ±3% initial accuracy 


Connection Diagrams 

SO-8 

Surface Mount Package 



TO-46 

Metal Can Package 


TO-92 

Plastic Package 
V + R V“ 


TL/H/5697-24 

Order Number LM334M 
See NS Package Number M08A 

Typical Application 


Bottom View 

Pin 3 is electrically connected to case. 

Order Number LM134H, LM134H-3, 
LM134H-6, LM234H, LM234H-3, 
LM234H-6, or LM334H 
See NS Package Number H03H 


Basic 2-Terminal Current Source 


Bottom View 

Order Number LM334Z, LM234Z-3 
or LM234Z-6 

See NS Package Number Z03A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


V + to V~ Forward Voltage 

LM134/LM234 40V 

LM334/LM134-3/LM134-6/LM234-3/LM234-6 30V 

V + to V - Reverse Voltage 20V 

R Pin to V - Voltage 5V 

Set Current 1 0 mA 

Power Dissipation 400 mW 


Operating Temperature Range (Note 4) 
LM 1 34/ LM1 34-3/ LM1 34-6 
LM234/LM234-3/LM234-6 
LM334 


— 55°C to + 1 25°C 

— 25°C to +100°C 

0°C to +70°C 


Soldering Information 

TO-92 Package (1 0 sec.) 260°C 

TO-46 Package (1 0 sec.) 300°C 

SO Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

LM134/LM234 

LM334 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Set Current Error, V + =2.5V, 

10 ]uiA<dsET^1 FT) A 



3 



6 

% 

(Note 2) 

1 mA < Iset ^ 5 mA 



5 



8 

% 


2 juA^Iset^IO fiA 



8 



12 

% 

Ratio of Set Current to 

100 jaA^lsET^’l mA 

14 

18 

23 

14 

18 

26 


V - Current 

1 mA^ Iset ^ 5 mA 


14 



14 




2 i±A<. Iset^ 1 00 jtxA 


18 

23 


18 

26 


Minimum Operating Voltage 

2 /xA^Iset^ ”100 ju,A 


0.8 



0.8 


V 


100 juA<Iset^ 1 m A 


0.9 



0.9 


V 


1 mA<lsET^5 mA 


1.0 



1.0 


V 

Average Change in Set Current 

2 juA<Uset^ 1 m A 








with Input Voltage 

1.5^V + ^5V 


0.02 

0.05 


0.02 

0.1 

%/v 


5V^V + ^40V 


0.01 

0.03 


0.01 

0.05 

%/v 


1 mA<lsET^5 mA 
1.5V^V^5V 


0.03 



0.03 


%/v 


5V<;v<;40V 


0.02 



0.02 


%/v 

Temperature Dependence of 

Set Current (Note 3) 

25 /xA^Iset^I m A 

0.96T 

T 

1.04T 

0.96T 

T 

1.04T 


Effective Shunt Capacitance 



15 



15 


PF 


Note 1: Unless otherwise specified, tests are performed at Tj = 25°C with pulse testing so that junction temperature does not change during test. 

Note 2: Set current is the current flowing into the V + pin. It is determined by the following formula: Iset=67.7 mV/RsET (@ 25°C). Set current error is expressed as 
a percent deviation from this amount. Iset increases at 0.336%/°C @ Tj = 25°C. 

Note 3: Iset is directly proportional to absolute temperature (°K). Iset at an y temperature can be calculated from: Iset = •<> (T/T 0 ) where l Q is Iset measured at T 0 
(°K). 

Note 4: For elevated temperature operation, Tj max is: 


LM134 

150°C 

LM234 

125°C 

LM334 

100°C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0j a (Junction to Ambient) 

1 80°C/W (0.4" leads) 
160°C/W (0.125" leads) 

440°C/W 

165°C/W 

0j C (Junction to Case) 

N/A 

32°C/W 

N/A 
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Typical Performance Characteristics (Continued) 


Turn-On Voltage 




0.4 0.6 0.8 1.0 1.2 


10/iA 100/iA 1mA 10mA 


V + TO V- VOLTAGE 

Application Hints 

The LM134 has been designed for ease of application, but a 
general discussion of design features is presented here to 
familiarize the designer with device characteristics which 
may not be immediately obvious. These include the effects 
of slewing, power dissipation, capacitance, noise, and con- 
tact resistance. 

SLEW RATE 

At slew rates above a given threshold (see curve), the 
LM134 may exhibit non-linear current shifts. The slewing 
rate at which this occurs is directly proportional to Iset- At 
•set =1 ° mA maximum dV/dt is 0.01V/jns; at Iset =1 mA , 
the limit is 1V//xs. Slew rates above the limit do not harm 
the LM134, or cause large currents to flow. 

THERMAL EFFECTS 

Internal heating can have a significant effect on current reg- 
ulation for Iset greater than 100 juA. For example, each IV 
increase across the LM134 at Iset = 1 mA will increase 
junction temperature by ~ 0.4°C in still air. Output current 
(•set) has a temperature coefficient of ~0.33%/°C, so the 
change in current due to temperature rise will be (0.4) 
(0.33) = 0.1 32%. This is a 10:1 degradation in regulation 
compared to true electrical effects. Thermal effects, there- 
fore, must be taken into account when DC regulation is crit- 
ical and Iset exceeds 100 fxA. Heat sinking of the TO-46 
package or the TO-92 leads can reduce this effect by more 
than 3:1. 

SHUNT CAPACITANCE 

In certain applications, the 15 pF shunt capacitance of the 
LM134 may have to be reduced, either because of loading 
problems or because it limits the AC output impedance of 
the current source. This can be easily accomplished by buff- 
ering the LM134 with an FET as shown in the applications. 
This can reduce capacitance to less than 3 pF and improve 
regulation by at least an order of magnitude. DC character- 
istics (with the exception of minimum input voltage), are not 
affected. 

NOISE 

Current noise generated by the LM134 is approximately 4 
times the shot noise of a transistor. If the LM134 is used as 
an active load for a transistor amplifier, input referred noise 


•set 

TL/H/5697-3 


will be increased by about 12 dB. In many cases, this is 
acceptable and a single stage amplifier can be built with a 
voltage gain exceeding 2000. 

LEAD RESISTANCE 

The sense voltage which determines operating current of 
the LM134 is less than 100 mV. At this level, thermocouple 
or lead resistance effects should be minimized by locating 
the current setting resistor physically close to the device. 
Sockets should be avoided if possible. It takes only 0.7H 
contact resistance to reduce output current by 1 % at the 
1 mA level. 

SENSING TEMPERATURE 

The LM134 makes an ideal remote temperature sensor be- 
cause its current mode operation does not lose accuracy 
over long wire runs. Output current is directly proportional to 
absolute temperature in degrees Kelvin, according to the 
following formula: 

(227pA//°K)(T) 

•SET= o 

Rset 

Calibration of the LM134 is greatly simplified because of the 
fact that most of the initial inaccuracy is due to a gain term 
(slope error) and not an offset. This means that a calibration 
consisting of a gain adjustment only will trim both slope and 
zero at the same time. In addition, gain adjustment is a one 
point trim because the output of the LM134 extrapolates to 
zero at 0°K, independent of Rset or an y initial inaccuracy. 



This property of the LM134 is illustrated in the accompany- 
ing graph. Line abc is the sensor current before trimming. 
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Application Hints (Continued) 

Line a'b'c' is the desired output. A gain trim done at T2 will 
move the output from b to b' and will simultaneously correct 
the slope so that the output at T1 and T3 will be correct. 
This gain trim can be done on Rset or on the load resistor 
used to terminate the LM134. Slope error after trim will nor- 
mally be less than ± 1 %. To maintain this accuracy, howev- 
er, a low temperature coefficient resistor must be used for 
Rset- 

Typical Applications (Continued) 

Zero Temperature Coefficient Current Source 
+V| N 

AY 


□ 1 W <R1* 

1N457JL >-10R SET 


’Select ratio of R1 to Rset to obtain zero drift. \+ ~ 2 Iset 


A 33 ppm/°C drift of Rset will 9 ive a 1 0/0 slope error be- 
cause the resistor will normally see about the same temper- 
ature variations as the LM134. Separating Rset from the 
LM134 requires 3 wires and has lead resistance problems, 
so is not normally recommended. Metal film resistors with 
less than 20 ppm/°C drift are readily available. Wire wound 
resistors may also be used where best stability is required. 


Terminating Remote Sensor for Voltage Output 
+ V, N 



v 0UT 3 OsetH r L> 

= 10 mV/°K FOR 
Rset = 23on 

r l R L = i0kn 


Ground Referred Fahrenheit Thermometer 



Vqut= 10 mV/°F 
10°F <T< 250° F 


Low Output impedance Thermometer 

V| N >4.8V 


V OUT =10mV/°K 

ZQUT^1° 0n 



’Select R3 = Vref/583 jj.A. Vref may be any stable positive voltage ^2V 
Trim R3 to calibrate 


’Output impedance of the LM134 at the "R” pin is 
approximately — where R 0 is the equivalent 

external resistance connected to the V~ pin. This 
negative resistance can be reduced by a factor of 5 
or more by inserting an equivalent resistor in series 
with the output. 
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Typical Applications (Continued) 

Low Output Impedance Thermometer 



V 0UT = 10mV/°K 
Z0UT^ Zn 


Higher Output Current 



TL/H/5697-16 ’Select R1 and Cl for optimum stability 


Micropower Bias 
+ V| N 


Low Input Voltage Reference Driver 



+ Vjn > Vref + 200 mV 



v 0UT = V Z + 64 mV @ 25°C 
l 0UT^ 3mA 


Ramp Generator 


r-TL 



TL/H/5697-19 




LM 1 34/LM234/LM334 


Typical Applications (Continued) 

1.2V Reference Operates on 10 jaA and 2V 1.2V Regulator with 1.8V Minimum Input 




Zener Biasing 


Alternate Trimming T echnique Buffer for Photoconductive Cell 


+ V| N 



+ V| N 




•For ±10% adjustment, select Rset 
10% high, and make R1 ~ 3 Rset 


FET Cascoding for Low Capacitance and/or Ultra High Output Impedance 


+ V|N 



-V|N 


TL/H/5697-21 


+ V| N 



•Select Q1 or Q2 to ensure at least 1 V across the LM1 34. V p (1 - Iset^dss) ^ 1 -2V. 


TL/H/5697-22 
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Typical Applications (Continued) 


Generating Negative Output Impedance In-Line Current Limiter 

+v in R S et 



TL/H/5697-9 

"Use minimum value required to ensure stability of protected device. This 
minimizes inrush current to a direct short. 


Schematic Diagram 



TL/H/5697-11 
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LM136-2.5/LM236-2.5/LM336-2.5 


National 

Semiconductor 

Corporation 


LM 1 36-2.5/LM236-2.5/LM336-2.5V Reference Diode 


General Description 

The LM1 36-2.5/LM236-2.5 and LM336-2.5 integrated cir- 
cuits are precision 2.5V shunt regulator diodes. These 
monolithic 1C voltage references operate as a low-tempera- 
ture-coefficient 2.5V zener with 0.2ft dynamic impedance. A 
third terminal on the LM 136-2.5 allows the reference volt- 
age and temperature coefficient to be trimmed easily. 

The LM1 36-2.5 series is useful as a precision 2.5V low volt- 
age reference for digital voltmeters, power supplies or op 
amp circuitry. The 2.5V make it convenient to obtain a sta- 
ble reference from 5V logic supplies. Further, since the 
LM 136-2.5 operates as a shunt regulator, it can be used as 
either a positive or negative voltage reference. 

The LM 136-2.5 is rated for operation over -55°C to 
+ 125°C while the LM236-2.5 is rated over a -25°C to 
+ 85°C temperature range. 


Both are packaged in a TO-46 package. The LM336-2.5 is 
rated for operation over a 0°C to + 70°C temperature range 
and is available in a TO-92 plastic package. 

Features 

■ Low temperature coefficient 

■ Wide operating current of 400 juA to 10 mA 

■ 0.2ft dynamic impedance 

■ ± 1 % initial tolerance available 

■ Guaranteed temperature stability 

■ Easily trimmed for minimum temperature drift 

■ Fast turn-on 

■ Three lead transistor package 


Connection Diagrams 


TO-92 

Plastic Package 



Order Number LM336Z-2.5 
or LM336BZ-2.5 
See NS Package Number Z03A 


Typical Applications 


2.5V Reference 

5 V 



TL/H/5715-9 


TO-46 

Metal Can Package 


TL/H/5715-20 

Bottom View 


Order Number LM136H-2.5, 
LM236H-2.5, LM336H-2.5, 
LM136AH-2.5 or LM236AH-2.5 
See NS Package Number H03H 


SO Package 


+ NC NC ADJ 



Order Number LM336M-2.5 
or LM336BM-2.5 
See NS Package Number M08A 



2.5V Reference with Minimum 
Temperature Coefficient 


Wide Input Range Reference 

V, N 3.5 -40V 



tAdjust to 2.490V 
*Any silicon signal diode 

TL/H/5715-10 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Reverse Current 1 5 mA 

Forward Current 1 0 mA 

Storage T emperature - 60°C to + 1 50°C 

Operating Temperature Range 
LM136 — 55°C to +150°C 

LM236 — 25°C to +85°C 

LM336 0°C to +70°C 


Soldering Information 

TO-92 Package (10 sec.) 

260°C 

TO-46 Package (10 sec.) 

300°C 

SO Package 

Vapor Phase (60 sec.) 

215°C 

Infrared (15 sec.) 

220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Notei) 




LM 1 36A-2.5/LM236A-2.5 

LM336B-2.5 


Parameter 

Conditions 

LM136-2.5/LM236-2.5 

LM336-2.5 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Reverse Breakdown Voltage 

T a = 25°C, l R = 1 mA 

LM1 36/LM236/LM336 

2.440 

2.490 

2.540 

2.390 

2.490 

2.590 

V 


LM136A/LM236A, LM336B 

2.465 

2.490 

2.515 

2.440 

2.490 

2.540 

V 

Reverse Breakdown Change 

T a =25°C, 


2.6 

6 


2.6 

10 

mV 

With Current 

400 juA^Ir^IO mA 








Reverse Dynamic Impedance 

T a = 25°C, l R = 1 mA 


0.2 

0.6 


0.2 

1 

ft 

Temperature Stability 

Vr Adjusted to 2.490V 








(Note 2) 

Ir = 1 mA, (Figure 2) 
0°C^T a ^70°C (LM336) 





1.8 

6 

mV 


-25°C^T A <: + 85°C (LM236) 


3.5 

9 




mV 


-55°C<:T A ^ + 125°C (LM136) 


12 

18 




mV 

Reverse Breakdown Change 
With Current 

400 juA^Ir^IO mA 


3 

10 


3 

12 

mV 

Reverse Dynamic Impedance 

Ir= 1 mA 


0.4 

1 


0.4 

1.4 

ft 

Long Term Stability 

T a = 25°C ±0.1°C, Ir = 1 mA 


20 



20 


ppm 


Note 1: Unless otherwise specified, the LM136-2.5 is specified from -55°C £ Ta ^ + 125°C, the LM236-2.5 from -25°C ^ Ta ^ +85°C and the LM336-2.5 from 
0°C ^ T A ^ +70°C. 

Note 2: Temperature stability for the LM336 and LM236 family is guaranteed by design. Design limits are guaranteed (but not 100% production tested) over the 
indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing quality levels. Stability is defined as the maximum change in V re f 
from 25°C to Ta (min) or Ta (max). 

Note 3: For elevated temperature operation, Tj max is: 

LM136 150°C 

LM236 125°C 

LM336 100°C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0j a (Junction to Ambient) 

1 80°C/W (0.4" leads) 
170°C/W (0.125" lead) 

440°C/W 

1 65°C/W 

0j a (Junction to Case) 

n/a 

80°C/W 

n/a 


Typical Performance Characteristics 


Reverse Voltage Change 



0 2 4 6 8 10 

REVERSE CURRENT (mA) 


Zener Noise Voltage 



Dynamic Impedance 



FREQUENCY (Hz) 


TL/H/5715-2 
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Typical Performance Characteristics (Continued) 


Response Time 


rr 

1 1 1 


[7 1 

L Jt 


(Si 

OUTPUT 






r 

1 


— 









jin 







1 










1 

r 









i 

d 














- 


□ 


INPUT 



i 




_ 


_L 



_ 




0 2 4 6 B 

TIME (pi) 


Reverse Characteristics 



Forward Characteristics 



Temperature Drift 



-55 -35 -15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


TL/H/5715-3 


Application Hints 

The LM136 series voltage references are much easier to 
use than ordinary zener diodes. Their low impedance and 
wide operating current range simplify biasing in almost any 
circuit. Further, either the breakdown voltage or the temper- 
ature coefficient can be adjusted to optimize circuit perform- 
ance. 

Figure 1 shows an LM136 with a 10k potentiometer for ad- 
justing the reverse breakdown voltage. With the addition of 
R1 the breakdown voltage can be adjusted without affecting 
the temperature coefficient of the device. The adjustment 
range is usually sufficient to adjust for both the initial device 
tolerance and inaccuracies in buffer circuitry. 


If minimum temperature coefficient is desired, two diodes 
can be added in series with the adjustment potentiometer 
as shown in Figure 2. When the device is adjusted to 2.490V 
the temperature coefficient is minimized. Almost any silicon 
signal diode can be used for this purpose such as a 1N914, 
1N4148 or a 1N457. For proper temperature compensation 
the diodes should be in the same thermal environment as 
the LM136. It is usually sufficient to mount the diodes near 
the LM136 on the printed circuit board. The absolute resist- 
ance of R1 is not critical and any value from 2k to 20k will 
work. 



FIGURE 1. LM136 With Pot for Adjustment 
of Breakdown Voltage 
(Trim Range = ± 120 mV typical) 



TL/H/5715-4 

FIGURE 2. Temperature Coefficient Adjustment 
(Trim Range = ±70 mV typical) 
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Typical Applications (Continued) 


Low Cost 2 Amp Switching Regulator^ 



*L1 60 turns #16 wire on Arnold Core A-254168-2 TL/H/5715-5 

t Efficiency ~ 80% 

Precision Power Regulator with Low Temperature Coefficient 



* Adjust for 3.75V across R1 TL/H/5715-13 


Trimmed 2.5V Reference with Temperature 

5V Crowbar Coefficient Independent of Breakdown Voltage 



TL/H/5715-14 



LM 1 36-2.5/LM236-2.5/LM336-2.5 
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Typical Applications (Continued) 

Op Amp with Output Clamped 

r f 



Bipolar Output Reference 


5V 



TL/H/5715-18 


2.5V Square Wave Calibrator 

5V 



TL/H/5715-19 




LM 1 36-2.5/LM236-2.5/LM336-2.5 
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National 
Semiconductor 
Corporation 

LM 1 36-5.0/LM236-5.0/LM336-5.0, 5.0V Reference Diode 

General Description 

The LM136-5.0/LM236-5.0/LM336-5.0 integrated circuits 
are precision 5.0V shunt regulator diodes. These monolithic 
1C voltage references operate as a low temperature coeffi- 
cient 5.0V zener with 0.6H dynamic impedance. A third ter- 
minal on the LM1 36-5.0 allows the reference voltage and 
temperature coefficient to be trimmed easily. 

The LM1 36-5.0 series is useful as a precision 5.0V low volt- 
age reference for digital voltmeters, power supplies or op 
amp circuitry. The 5.0V makes it convenient to obtain a sta- 
ble reference from low voltage supplies. Further, since the 
LM1 36-5.0 operates as a shunt regulator, it can be used as 
either a positive or negative voltage reference. 

The LM 136-5.0 is rated for operation over -55°C to 
+ 125°C while the LM236-5.0 is rated over a -25°C to 
+ 85°C temperature range. Both are packaged in a TO-46 


package. The LM336-5.0 is rated for operation over a 0°C to 
+ 70°C temperature range and is available in a TO-92 plas- 
tic package. For applications requiring 2.5V see LM1 36-2.5. 

Features 

H Adjustable 4V to 6V 

sb Low temperature coefficient 

D Wide operating current of 600 juA to 10 mA 

■ 0.6f2 dynamic impedance 

a ± 1 % initial tolerance available 

■ Guaranteed temperature stability 

■ Easily trimmed for minimum temperature drift 
m Fast turn-on 

ei Three lead transistor package 



Connection Diagrams 


TO-92 

Plastic Package 


TO-46 

Metal Can Package 



Order Number LM336Z-5.0 or 
LM336BZ-5.0 

See NS Package Number Z03A 



Order Number LM136H-5.0, 
LM236H-5.0, LM136AH-5.0 or 
LM236AH-5.0 

See NS Package Number H03H 


SO Package 

+ NC NC ADJ 



Order Number LM336M-5.0 or 
LM236BM-5.0 

See NS Package Number H03H 


Typical Applications 


5.0V Reference 
10V 

> 5k 
4— 5.0V 
/ TlM1 36-5.0 


5.0V Reference with Minimum 
Temperature Coefficient 

10V 



Trimmed 4V to 6V Reference 
with Temperature Coefficient 
Independent of Breakdown Voltage 



10k * 

CALIBRATE 


TL/H/5716-3 

■"Does not affect temperature coefficient 
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LM 1 36-5.0/LM236-5.0/LM336-5.0 


Absolute Maximum Ratings 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Reverse Current 1 5mA 

Forward Current 1 0mA 

Storage Temperature -60°Cto + 1 50°C 

Operating Temperature Range 
LM1 36-5.0 — 55°C to +150°C 

LM236-5.0 — 25°C to + 85°C 

LM336-5.0 0°C to +70°C 


Soldering Information 

TO-92 Package (1 0 sec.) 260°C 

TO-46 Package (10 sec.) 300°C 

SO Package 

Vapor Phase (60 sec.) 21 5°C 

I nf rared ( 1 5 sec.) 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Note n 




LM 1 36 A-5.0/ LM236 A-5.0 

LM336B-5.0 


Parameter 

Conditions 

LM 1 36-5.0/LM236-5.0 

LM336-5.0 

Units 



Min 

Typ 

Max 

Min 

Typ 

Max 


Reverse Breakdown Voltage 

Ta = 25°C, Ir= 1 mA 

LM1 36-5.0/LM236-5.0/LM336-5.0 

4.9 

5.00 

5.1 

4.8 

5.00 

5.2 

V 


LM1 36A-5.0/LM236A-5.0, LM336B-5.0 

4.95 

5.00 

5.05 

4.90 

5.00 

5.1 

V 

Reverse Breakdown Change 

T a = 25°C, 


6 

12 


6 

20 

mV 

With Current 

600 julA^Ir^ 10 mA 








Reverse Dynamic Impedance 

T a = 25°C,Ir = 1 mA 


0.6 

1.2 


0.6 

2 

ft 

Temperature Stability 

Vr Adjusted 5.00V 

Ir = 1 mA, {Figure 2) 

0°C^T a ^70°C (LM336-5.0) 




■ 

■ 


mV 


— 25°C<:T a ^ +85°C (LM236-5.0) 


7 





mV 


- 55°C ^ T A ^ + 1 25°C (LM 1 36-5.0) 


20 


pwi 

■ 


mV 

Reverse Breakdown Change 
With Current 

600 jliA^Ir^IO mA 







mV 

Adjustment Range 

Circuit of Figure 1 


±1 





V 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.8 

1.6 


m 


ft 

Long Term Stability 

T a =25°C±0.1°C, Ir= 1 mA 


20 



20 


ppm 


Note 1: Unless otherwise specified, the LM136-5.0 is specified from -55 °C^Ta^ + 125°C, the LM236-5.0 from -25 °C^Ta^ +85°C and the LM336-5.0 from 
0 o C^T a ^+70°C. 

Note 2: Temperature stability for the LM336 and LM236 family is guaranteed by design. Design limits are guaranteed (but not 100% percent production tested) 
over the indicated temperature and supply voltage ranges. These limits are not used to calculate outgoing quality levels. Stability is defined as the maximum charge 
in Vref from 25°C to TA(min) or TA(max). 

Note 3: For elevated temperature operation, Tj max is: 

LM136 150°C 

LM236 125°C 

LM336 100°C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0j a (Junction to Ambient) 

180°C/W (0.4" Leads) 
170°C/W (0.125" Leads) 

440°C/W 

165°C/W 

0 ja (Junction to Case) 

N/A 

80°C/W 

N/A 
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Typical Performance Characteristics 


Reverse Voltage Change 



0 2 4 6 8 10 

REVERSE CURRENT (mA) 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Dynamic Impedance 



Response Time 


rr 

m" 

- 




OUTPUT 















1 

UT i 

i 







1 

L_ INP 

-J 














_j 


| 

u 








INPUT 



r 



_L 








0 2 4 6 8 

TIME fa) 


Temperature Drift 



-55 -35-15 5 25 45 65 85 105 125 


TEMPERATURE (°C) 


Reverse Characteristics 



Forward Characteristics 



TL/H/5716-8 


Application Hints 

The LM1 36-5.0 series voltage references are much easier 
to use than ordinary zener diodes. Their low impedance and 
wide operating current range simplify biasing in almost any 
circuit. Further, either the breakdown voltage or the temper- 
ature coefficient can be adjusted to optimize circuit perform- 
ance. 

Figure 1 shows an LM 136-5.0 with a 10k potentiometer for 
adjusting the reverse breakdown voltage. With the addition 
of R1 the breakdown voltage can be adjusted without af- 
fecting the temperature coefficient of the device. The ad- 
justment range is usually sufficient to adjust for both the 
initial device tolerance and inaccuracies in buffer circuitry. 


If minimum temperature coefficient is desired, four diodes 
can be added in series with the adjustment potentiometer 
as shown in Figure 2. When the device is adjusted to 5.00V 
the temperature coefficient is minimized. Almost any silicon 
signal diode can be used for this purpose such as a 1 N914, 
1N4148 or a 1N457. For proper temperature compensation 
the diodes should be in the same thermal environment as 
the LM1 36-5.0. It is usually sufficient to mount the diodes 
near the LM1 36-5.0 on the printed circuit board. The abso- 
lute resistance of the network is not critical and any value 
from 2k to 20k will work. Because of the wide adjustment 
range, fixed resistors should be connected in series with the 
pot to make pot setting less critical. 
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Application Hints (Continued) 


v + 



- TL/H/5716-9 

FIGURE 1. LM 136-5.0 with Pot for Adjustment of 
Breakdown Voltage (Trim Range = ± 1.0V Typical) 


v + 



IT TL/H/5716-10 

FIGURE 2. Temperature Coefficient Adjustment 
(Trim Range = ± 0.5V Typical) 


Typical Applications (Continued) 

Precision Power Regulator with Low Temperature Coefficient 



TL/H/5716-11 
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> 25k 

> 

AOJ 
50k 


► 25k 

> 


TL/H/5716-16 


Schematic Diagram 




LM168/LM268/LM368 



National 

Semiconductor 

Corporation 


PRELIMINARY 


LM168/LM268/LM368 Precision Voltage Reference 


General Description 

The LM168/LM368 are precision, monolithic, temperature- 
compensated voltage references. The LM168 makes use of 
thin-film technology enhanced by the discrete laser trim- 
ming of resistors to achieve excellent Temperature coeffi- 
cient (Tempco) of Vout ( as low as 5ppm/°C), along with 
tight initial tolerance, (as low as 0.02%). The trim scheme is 
such that individual resistors are cut open rather than being 
trimmed (partially cut), to avoid resistor drift caused by elec- 
tromigration in the trimmed area. The LM168 also provides 
excellent stability vs. changes in input voltage and output 
current (both sourcing and sinking). This device is available 
in output voltage options of 5.0V and 10.0V and will operate 
in both series or shunt mode. Also see the LM368-2.5 data 
sheet for a 2.5 V output. The devices are short circuit proof 
when sourcing current. A trim pin is made available for fine 
trimming of Vout or for obtaining intermediate values with- 
out greatly affecting the Tempco of the device. 


Features 

■ 300 julA operating current 

■ Low output impedance 

■ Excellent line regulation (.0001 %/V typical) 

■ Single-supply operation 

■ Externally trimmable 

■ Low temperature coefficient 

■ Operates in series or shunt mode 

■ 10.0V or 5.0V 

■ Excellent initial accuracy (0.02% typical) 


Connection Diagram 

Dual-In-Line Package (N) 
or S.O. Package (M) 


-NC 
-NC 
—OUTPUT 
— ADJ 

TL/H/5522-19 

Top View 

Order Number LM368N-5.0, 

LM368M-5.0 or LM268BYN-5.0 
See NS Package Number M08A or N08E 



Typical Applications 

Series Regulator 


13V-3QV 

_L_ 


TL/H/5522-2 


Metal Can Package 


NC 



Top View 


TL/H/5522-1 


•case connected to V - 

Order Number LM168BYH-10, LM168BYH-5.0, 
LM268BYH-10, LM268BYH-5.0, 
LM368YH-10, LM368YH-5.0, LM368H-10, LM368H-5.0 
See NS Package Number H08C 


Shunt Regulator 


1 mA-10 mA 


LM368-5.0 


5.000V 


TL/H/5522-3 
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Absolute Maximum Ratings (Notes) 


Input Voltage (Series Mode) 
Reverse Current (Shunt Mode) 
Power Dissipation 
Storage Temperature Range 


35V 
50 mA 
600 mW 
— 60°C to +150°C 


Operating Temperature Range 


LM168 

LM268 

LM368 


— 55°C to +125°C 
— 40°C to +85°C 
0°C to +70°C 


Soldering Information 

DIP (N) Package, 1 0 sec. + 260°C 

TO-5 (H) Package, 1 0 sec. + 300°C 

SO (M) Package, Vapor Phase (60 sec.) + 21 5°C 

Infrared (1 5 sec.) + 220°C 


See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Note d 




LM 1 68/LM268/LM368 

Parameter 

Conditions 

Typical 

Tested 

Limit 

Design 

Limit 

Units 

(Max. unless 




(Note 2) 

(Note 3) 

noted) 

Vqut Error: LM168B, LM268B 


±0.02 

±0.05 


% 

LM368 


±0.02 

±0.1 


% 

Line Regulation 

(Vqut +3V) ^ V|n ^ 30V 

±0.0001 

±0.0005 


%/V 

Load Regulation 

0 mA ^ IsoURCE ^ 10 mA 

±0.0003 

±0.001 


%/mA 

(Note 4) 

— 10 mA ^ IsiNK ^ 0 mA 

±0.003 

±0.008 


%/mA 

Thermal Regulation 

T = 20 mS (Note 5) 

±0.005 

±0.01 


%/100 mW 

Quiescent Current 


250 

350 


jllA 

Change of Quiescent Current vs. Vin 

(VOUT +3V) ^ V|n ^ 30V 

3 

5 


julA/V 

Temperature Coefficient 
of Vqut (see graph): LM168BY 

— 55°C ^T a ^ 125°C 

±5 

±10 


ppm/°C 

(Note 6) LM268BY 

— 40°C <; T a <; 85°C 

±7.5 

±15 


ppm/°C 

LM368Y 

o°c <; t a <; 70°c 

±11 

±20 


ppm/°C 

LM368 

o°c <; t a <; 70°c 

±15 


±30 

ppm/°C 

Short Circuit Current 

Vout = o 

30 

70 

100 

mA 

Noise: 10.0V: 0.1 -10Hz 


30 



uVp-p 

100Hz -10 kHz 


1100 



nV/VRz 

6.2V: 0.1 -10Hz 


20 



uVp-p 

100Hz -10 kHz 


700 



nV/VRz 

5.0V: 0.1 -10Hz 


16 



uVp-p 

100Hz -10 kHz 


575 



nV/VRz 

Vqut Adjust Range: 1 0.000V 

ov ^ v P | N5 <; Vqut 

4.5-17.0 


6.0-15.5 

V min. 

5.000V 


4. 4-7.0 


4. 5-6.0 

V min. 


Note 1 : Unless otherwise noted, these specifications apply: Ta = 25°C, V|n = 15V, Iload = 0, 0 ^ Cl ^ 200 pF, Circuit is operating in Series Mode. Or, circuit is 
operating in Shunt Mode, V|n = +15V or V|n = Vqut. TA = +25°C, Iload = -1.0 mA, 0 £ Cl ^ 200 pF. 

Note 2: Tested Limits are guaranteed and 100% tested in production. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: The LM168 has a Class B output, and will exhibit transients at the crossover point. This point occurs when the device is asked to sink approximately 
120 /xA. In some applications it may be advantageous to preload the output to either Vin or Ground, to avoid this crossover point. 

Note 5: Thermal Regulation is defined as the change in the output Voltage at a time T after a step change in power dissipation of 100 mW. 

Note 6: Temperature Coefficient of Vout is defined as the worst case delta-VouT measured at Specified Temperatures divided by the total span of the Specified 
Temperature Range (See graphs). There is no guarantee that the Specified Temperatures are exactly at the minimum or maximum deviation. 

Note 7: In metal can (H), 0j_ c is 75°C/W and 0j_ A is 150°C/W. In plastic DIP, 0j_ A is 160°C/W. In SO-8, 0j. A is 180°C/W, in TO-92, 0j_ A is 160°C/W. 

Note 8: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its Rated Operating Conditions (see Note 1 and Conditions). 
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Typical Performance Characteristics (Notei) 


Quiescent Current vs. Input 
Voltage and Temperature 


Dropout Voltage vs. Output Current Output Change vs. 
(Series Mode Sourcing Current) Output Current 
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Typical Temperature Coefficient Calculations: 
LM368-1 0 (see Curve A) 

T.C. = 7.7 mV/(70°Xl0V) 

= 11 XlOE-6=11ppm/°C 


(1) LM368 alone. 

(2) with 0.01 /x1 Mylar, Trim to Gnd. 

(3) with 10 SI in series with 10 /xf, Vqut to Gnd. 

(4) with Both. 
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LM268-10 (see Curve B) 
T.C.=9.35 mV/(125°XlOV) 

= 7.5 X 1 0E-6 = 7.5ppm/°C 


Output Noise vs. Frequency 
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TEMPERATURE (°C) 


TL/H/5522-4 


LM168-10 (see Curve C) 

T.C. = 9.35 mV/(180°X10V) 

= 5.2X1 OE-6 = 5.2ppm/°C 
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Typical Applications 

Wide Range Trimmable Regulator 


_h_ 


LM368 


f 



VOUT 


TL/H/5522-7 


Adjustable Zener 



TL/H/5522-9 


± Reference 


_ii_ 


-+V0UT 


1 mA > 


-Vout 


TL/H/5522-1 1 


Narrow Range Trimmable Regulator (± 1% min.) 
v + 



D 

LM368 

5 2M < 

20k 


J 


TL/H/5522-8 


Improved Noise Performance 



TL/H/5522-10 


±10V, +5V References 




= y 4 LF444A or 
% LF412A 


R = Thin Film Resistor Network, 

±0.05% Matching and 5ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 0K-1 00-05) 
or similar. 


TL/H/5522-12 
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Typical Applications (Continued) 


Multiple Output Voltages 


v + 



TL/H/5522-13 


V + 



TL/H/5522-14 


V + 



Thin Film Resistor Network 
0.05% Matching and 5ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 0K-1 00-05) 
or similar. 


Reference with Booster 100 mA Boosted Reference 

v+ v + 
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LM169/LM369 




National 

Semiconductor 

Corporation 


PRELIMINARY 


LM169/LM369 Precision Voltage Reference 


General Description 

The LM169/LM369 are precision monolithic temperature- 
compensated voltage references. They are based on a bur- 
ied zener reference as pioneered in the LM199 references, 
but do not require any heater, as they rely on special tem- 
perature-compensation techniques (Patent Pending). The 
LM169 makes use of thin-film technology enhanced by the 
discrete laser trimming of resistors to achieve excellent 
Temperature coefficient (Tempco) of V out (as low as 1 
ppm/°C), along with tight initial tolerances (as low as 
0.01%). The trim scheme is such that individual resistors 
are cut open rather than being trimmed (partially cut), to 
avoid resistor drift caused by electromigration in the 
trimmed area. The LM169 also provides excellent stability 
vs. changes in input voltage and output current (both sourc- 
ing and sinking). The devices have a 10.000V output and 
will operate in either series or shunt mode; the output is 
short-circuit-proof to ground. A trim pin is available which 
permits fine-trimming of V ou t, and also permits filtering to 
greatly decrease the output noise by adding a small capaci- 
tor (0.05 to 0.5 juF). 


Features 

■ Low Tempco of V out 

■ Excellent initial accuracy (0.003%) 

■ Excellent line regulation (2 ppm/V) 

■ Excellent output impedance 

■ Excellent thermal regulation 

■ Low noise 

■ Easy to filter output noise 

■ Low dissipation - 20 mW 

■ Operates in series or shunt mode 


Connection Diagrams 


Metal Can Package (H) 



5JFILTER AND TRIM 


Top View 

(Case is connected to ground.) 

*Do not connect; internal connection for factory trims. 

Order Number LM169H, LM169BH, 
LM369H, LM369BH, 

See NS Package Number H08C 


Dual-ln-Line Package (N) 
or S.O. Package (M) 



V 0UT 

FILTER AND 
TRIM PIN 


Top View 

Order Number LM369DM, LM369N, 
LM369BN, LM369CN or LM369DN 
See NS Package Number M08A or N08E 

TO-92 Plastic Package (Z) 



Bottom View 

Order Number LM369DZ 
See NS Package Number Z03A 
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Absolute Maximum Ratings (Notes) 

If Military/ Aerospace specified devices are required, Soldering Information 

contact the National Semiconductor Sales Office/ DIP (N) Package, 10 sec. + 260°C 

Distributors for availability and specifications. TO-5 (H) Package, 10 sec. +300°C 

Input Voltage (Series Mode) 35V so ( M ) Package, Vapor Phase (60 sec.) + 21 5°C 

Reverse Current (Shunt Mode) 50 mA ri . T . + n?° C , 

See AN-450 Surface Mounting Methods and Their Effect 

Power Dissipation (Note 7) 600 mW on p ro duct Reliability” (Appendix D) for other methods of 

Storage Temperature Range -60°C to + 150°C soldering surface mount devices. 

Operating Temperature Range (Tj min to Tj max) ESD Tolerance 

LM169 — 55°C to + 125°C C zap = 100 pF, R zap = 1.5k 800V 

LM369 0°C to + 70°C 

Electrical Characteristics, LM169, LM369 (Note i) 






Units 




Tested 

Design 


Parameter 

Conditions 

Typical 

Limits 

Limit 





(Note 2) 

(Note 3) 

Noted) 

V ou t Nominal 


+ 10.000 



V 

V out Error 

(Note 11) 

50 

±500 


ppm 



0.50 

±5 


mV 

V ou t Tempco 






LM169B, LM369B 

Tmin < Tj < T max 

1.5 

3.0 

— 

ppm/°C 

LM169, LM369 

Tmin < Tj < T max 

2.7 

5.0 

— 

ppm/°C 

LM369C 

Tmin < Tj < T max 

6 

10 

— 

ppm/°C 

(Note 6) (Note 11) 






Line Regulation 

13V <: V| N <; 30V 

2.0 

4.0 

8.0 

ppm/V 

Load Regulation 






Sourcing 

Oto 10 mA 

+ 3 

±8.0 

20.0 

ppm/mA 

Sinking (Note 12) 

0 to - 1 0 m A 

+ 80 

+ 150 


ppm/mA 

(Note 4, Note 9) 






Thermal Regulation 

(t = 10 msec 





Sourcing 

After Load 

3.0 

±20 

— 

ppm/100 mW 

Sinking (Note 12) 

is Applied) 

3.0 

— 

— 

ppm/100 mW 

(Note 5) 






Supply Current 


1.4 

1.8 

2.0 

mA 

ASupply Current 

13V <; V| N <; 30V 

0.06 

0.12 

0.2 

mA 

Short Circuit 


27 

15 

11 

mA min 

Current 



50 

65 

mA max 

Noise Voltage 

10 Hz to 1 kHz 

10 

30 

— 

/xV rms 


0.1 Hz to 10 Hz 

4 

— 

— 

mV p-p 


(10 Hz to 10 kHz, 

4 

— 

— 

/xV rms 


Cfilter = 0-1 P-F) 





Long-term 

1000 hours, 

6 

— 

— 

ppm 

Stability 

Tj < T max 





(Non-Cumulative) 

(Measured at 





(Note 10) 

+ 25°C) 





Temperature 

AT = 25°C 

3 

— 

— 

ppm 

Hysteresis of V ou t 






Output Shift 


1500 

2600 

— 

ppm 

per 1 fxA at Pin 5 
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LM169/LM369 



LM169/LM369 


Electrical Characteristics LM369D (Notei) 

Parameter 

Conditions 

Typical 

Tested 

Limits 
(Note 2) 

Design 

Limit 
(Note 3) 

Units 

(Max 

Unless 

Noted) 

V out Nominal 


+ 10.000 



V 

V out Error, 

LM369D 


70 

0.7 

±1000 

±10.0 

— 

ppm 

mV 

V out Tempco 
(Note 6) 

Tmin ^ Tj ^ T max 

5 


30 


Line Regulation 

13V <: V| N £ 30V 

2.4 

±6.0 

12 

ppm/V 

Load Regulation 
Sourcing 

Sinking (Note 12) 

(Note 4, Note 9) 

Oto 10 mA 

Oto -10 mA 

+ 3 

+ 80 

±12 

+ 160 

±25 

ppm/mA 

ppm/mA 

Thermal Regulation 
Sourcing 

Sinking (Note 1 2) 

(Note 5) 

(t = 1 0 msec 

After Load 
is Applied) 

4.0 

4.0 

±25 

— 

ppm/ 100 mW 
ppm/ 100 mW 

Supply Current 


1.5 

2.0 

2.4 

mA 

ASupply Current 

13V <; V| N ^ 30V 

0.06 

0.16 

0.3 

mA 

Short Circuit 

Current 


27 

14 

50 

10 

65 


Noise Voltage 

10 Hz to 1 kHz 

0.1 Hz to 10 Hz 
(10 Hz to 10 kHz, 

Cfilter = 0.1 fx F) 

10 

4 

4 

30 

— 

julV rms 
mV p-p 
julV rms 

Long-Term 

Stability 

(Non-Cumulative) 

1000 Hours, 

Tj < T max 
(Measured at 
+ 25°C) 

8 



ppm 

Temperature 

Hysteresis of V out 

AT = 25°C 

5 

— 

— 

ppm 

Output Shift 

Per 1 ju,A at Pin 5 


1500 

2800 

— 

ppm 

Note 1: Unless otherwise noted, these conditions apply: Tj = + 25°C, 13V ^ Vj n ^ 17V, 0 £ l| 0ac j £ 1.0 mA, Cl = £ 200 pF. Specifications in BOLDFACED 
TYPE apply over the rated operating temperature range. 

Note 2: Tested limits are guaranteed and 100% tested in production. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not to be used 
to calculate outgoing quality levels. 

Note 4: The LM169 has a Class B output, and will exhibit transients at the crossover point. This point occurs when the device is required to sink approximately 1.0 
mA. In some applications it may be advantageous to pre-load the output to either Vj n or to ground, to avoid this crossover point. 

Note 5: Thermal regulation is defined as the change in the output voltage at a time T after a step change of power dissipation of 100 mW. 

Note 6: Temperature Coefficient of Vout is defined as the worst-case AV 0Ut measured at Specified Temperatures divided by the total span of the Specified 
Temperature Range (see graphs). There is no guarantee that the Specified Temperatures are exactly at the minimum or maximum deviation. 

Note 7: In metal can (H), 0j. c is 75°C/W and 0j. A is 150°C/W. In plastic DIP, 0j. A is 160°C/W. In SO-8, 0j. A is 180°C/W, in TO-92, 0j. A is 160°C/W. 

Note 8: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications are not guaranteed beyond 
the Rated Operating Conditions. 

Note 9: Regulation is measured at constant temperature using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are covered 
under the specifications for Thermal Regulation and Tempco. Load Regulation is measured at a point on the output pin 1/8" below the bottom of the package. 

Note 10: Consult factory for availability of devices with Guaranteed Long-term Stability. 

Note 11: Consult factory for availability of devices with tighter Accuracy and Tempco Specifications. 

Note 12: In Sinking mode, connect 0.1 p.F tantalum capacitor from output to ground. 
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OUTPUT NOISE (nV/VHz) OUTPUT IMPEDANCE (A) QUIESCENT CURRENT (mA) 


Typical Performance Characteristics (Noteu 


Quiescent Current vs Input 
Voltage and Temperature 



10 20 30 40 

INPUT VOLTAGE (V) 


Dropout Voltage vs 
Output Current (Series 
Mode Sourcing Current) 















-55°C 


— 

+25°T 



- 

d 

r 


- 


— 


+125°C 

1 




















Output Change vs 
Output Current 


























s; 








N 










L_ 
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i\ 

SINKING^ 

l l 

^SOURCING- 
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— 
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OUTPUT CURRENT (mA) 


OUTPUT CURRENT (mA) 


Output Impedance 
vs Frequency 


\— SINKING CURRENT -I— 
l(C L =0.1 fi? TANTALUM) . 


10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 

Output Noise vs Frequency 


500 









400 


















300 














r 




200 



z 


tI 

n 





er ■ 

1 


^FILTER 






5 



^FILTER = 

).033 fxF 




□ 

— 





C FILTER 

0.33 /xF 


a, ““ 

| 

10 

100 

1( 

) 3 

1C 

4 

1C 


Ripple Rejection 
vs Frequency 



10 100 IK 10K 100K 1M 

FREQUENCY (Hz) 

Output Noise vs Filter 
Capacitor 



0 0.0001 0.001 0.01 0.1 1 
FILTER CAPACITOR (PIN 5 TO GROUND) (/*F) 
TL/H/9110-2 

LM369 Temperature 
Coefficient 

-5°C ♦25°C +70°C 




z 























n 

D.5 mV J 




-- 


— 



.A 






z 
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i 

L_ ' 






1 







— ■ 

r r 

75°C-^ 






[ 

_LL 





Start-up Response 



0 20 40 60 80 100 

TIME (ps) TL/H/91 10- 

LM169 Temperature 
Coefficient 

-25°C +25°C 

-55°C -5°C +70°C + 1 25°C 













1.6 mV 

\ . 



_z 








! 1 






-mno- 




loU 




+50 +100 +150 

+ 125 


TEMPERATURE (°C) 


Typical Temperature Coefficient Calculations: 
LM169 (see curve above): 

T.C. - 1.6 mV/(180 9 X 10V) 

= 8.9 X 10-7 = o.89 ppm/°C 
LM369 (see curve at left): 

T.C. = 0.5 mV/ (75° X 10V) 

= 6.7 X 10-7 = o.67 ppm/°C 


-75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) 
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LM169/LM369 


Application Hints 

The LM169/LM369 can be applied in the same way as any 
other voltage reference. The adjacent Typical Applications 
Circuits suggest various uses for the LM169/LM369. The 
LM169 is recommended for applications where the highest 
stability and lowest noise is required over the full military 
temperature range. The LM369 is suitable for limited-tem- 
perature operation. The curves showing the Noise vs. Ca- 
pacitance in the Typical Performance Characteristics sec- 
tion show graphically that a modest capacitance of 0.1 to 
0.3 microfarads can cut the broadband noise down to a lev- 
el of only a few microvolts, less than 1 ppm of the output 
voltage. The capacitor used should be a low-leakage type. 
For the temperature range 0 to 50°C, polyester or Mylar® 
will be suitable, but at higher temperatures, a premium film 
capacitor such as polypropylene is recommended. For oper- 
ation at + 125°C, a Teflon® capacitor would be required, to 
ensure sufficiently low leakage. Ceramic capacitors may 
seem to do the job, but are not recommended for produc- 
tion use, as the high-K ceramics cannot be guaranteed for 
low leakage, and may exhibit piezo-electric effects, convert- 
ing vibration or mechanical stress into excessive electrical 
noise. 

Additionally, the inherent superiority of the LM169/369’s 
buried Zener diode provides freedom from low-frequency 
noise, wobble, and jitter, in the frequency range 0.01 to 10 
Hertz, where capacitive filtering is not feasible. 

Pins 1, 3, 7, and 8 of the LM1 69/369 are connected to 
internal trim circuits which are used to trim the device’s out- 
put voltage and Tempco during final testing at the factory. 
Do not connect anything to these pins, or improper opera- 
tion may result. These pins would not be damaged by a 
short to ground, or by Electrostatic Discharges; however, 
keep them away from large transients or AC signals, as 
stray capacitance could couple noises into the output. 
These pins may be cut off if desired. Alternatively, a shield 
foil can be laid out on the printed circuit board, surrounding 
these pins and pin 5, and this guard foil can be connected to 
ground or to V out , effectively acting as a guard against AC 
coupling and DC leakages. 

The trim pin (pin 5) should also be guarded away from noise 
signals and leakages, as it has a sensitivity of 1 5 millivolts of 
AV 0U t per microampere. The trim pin can also be used in 


the circuits shown, to provide an output trim range of ±10 
millivolts. Trimming to a wider range is possible, but is not 
recommended as it may degrade the Tempco and the 
Tempco linearity at temperature extremes. For example, if 
the output were trimmed up to 10.240V, the Tempco would 
be degraded by 8 ppm/°C. As a general rule, Tempco will 
be degraded by 1 ppm/°C per 30 mV of output adjustment. 
The output can sink current as well as source it, but the 
output impedance is much better for sourcing current. Also, 
the LM1 69/369 requires a 0.1 /xF tantalum capacitor (or, 
0.1 juF in series with 10rt) bypass from the output to ground, 
for stable operation in shunt mode (output sinking current). 
The output has a class-B stage, so if the load current chang- 
es from sourcing to sinking, an output transient will occur. 
To avoid this transient, it may be advisable to preload the 
output with a few milliamperes of load to ground. The 
LM 169/369 does have an excellent tolerance of load ca- 
pacitance, and in cases of load transients, electrolytic or 
tantalum capacitors in the range 1 to 500 microfarads have 
been shown to improve the output impedance without de- 
grading the dynamic stability of the device. The LM1 69/369 
are rated to drive an output of ± 10 mA, but for best accura- 
cy, any load current larger than 1 mA can cause thermal 
errors (such as, 1 mA x 5V x 4 ppm/ 100 mW = 0.2 ppm 
or 2 microvolts) and degrade the ultimate precision of the 
output voltage. 

The output is short-circuit-proof to ground. However, avoid 
overloads at high ambient temperatures, as a prolonged 
short-circuit may cause the junction temperature to exceed 
the Absolute Maximum Temperature. The device does not 
include a thermal shut-down circuit. If the output is pulled to 
a positive voltage such as + 1 5 or + 20V, the output current 
will be limited, but overheating may occur. Avoid such over- 
loads for voltages higher than + 20 V, for more than 5 sec- 
onds, or, at high ambient temperatures. 

The LM 169/369 has an excellent long-term stability, and is 
suitable for use in high-resolution Digital Voltmeters or Data 
Acquisition systems. Its long-term stability is typically 3 to 1 0 
ppm per 1000 hours when held near T max , and slightly bet- 
ter when operated at room temperature. Contact the factory 
for availability of devices with proven long-term stability. 


Typical Applications 

Series Reference with 
Optional Filter 

Series Reference Shunt Reference with Optional Trim for Reduced Noise 


13V^V, N :£30V 


LM369 out 
GND 


OUTPUT 
+ 1 0.000V 


TL/H/9110-2 


V+ 




13V=SV, n ^30V 

i 


1 * 


IN 

5 

TRIM LM369 OUT 

0.1 ii F 


GND 


T» 


r 


OUTPUT 
+ 10.000V 


TL/H/91 10-4 


7-52 



Typical Applications (Continued) 

± 1 0V Reference ± 5 V Reference 


v+ 




IN 

LM369 out 

GND 

6 





4 





2 



.0.1 /zF 

1 “ 

v| ! 



” TANT. 

LM369 out 

6 



GND 





4 



^ J I = 2 mA 

V- 


OUTPUT 
+ 10.000V 


OUTPUT 

-10.000V 


TL/H/9110-7 


+ 15 



Multiple Output Voltages 


23V < Vim < 30V 


23V < V,m < 35V 


IN OUT 

6 

— 20V 

IN OUT 

LM369 

LM369 

GND TRIM 

5 

GND TRIM 



4 


IN 


LM369 


GND 


TRIM 


4.7 K 


IN 

OUT 

LM369 


GND 

TRIM 




20V 


10 K 


• 10V 


.0.1 piF 

‘ TANTALUM 


TL/H/91 10-10 


TL/H/9110-9 



R = Thin Film Resistor Network 

0.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 0K-1 00-05) 

(Allen Bradley F08B103A) 
or similar. 


TL/H/9110-1 1 




Typical Applications (Continued) 

Precision Wide-Range Current Source 


Ai = LF411A, LM607, LM308A 
or similar 

Ql, Q 2 = high p PNP, 

PN4250, 2N3906, 
or similar 

* = Part of Precision Resistor Netwo 
±0.05% Matching, 

(Allen Bradley F08B103A) 
(Caddock T-91 4-1 0K-1 00-05) 
(Beckman 694-3-R-10K-A) 
or similar 



(+12V2tV 0l 


1 - 

'OUT- Rx 


± 10V, ±5V References 


R = Thin Film Resistor Network 

0.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 0K-1 00-05) 

(Allen Bradley F08B103A) 
or similar. 



A = y 4 LF444A or 
% LF412A or 
LM607 


Reference with Booster 
v+ 


OUT 

O 

LM369 

5 

TRIM 


GND 

CL 

4 

10/iF* 


MIN. 


^(OPTIONAL 
£ PRE-LOAD) 


100 mA Boosted Reference 

14V^V,u^31V 



OUT 

. < 


o < 

<= 

LM369 




TRIM 

5 


^ (OPTIONAL 

GND 

CL 

+ 

^ PRE-LOAD) 
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Typical Applications (Continued) 

Precision Programmable Supply 


+15V +15V 




Ai, A 2 , A 3 = LF411A, LM607, or similar 



-15V 


Current Source 



2k £ Rx £ 10M 


-30V 


TL/H/91 10-16 


Precision Current Source 


Qi, Q 2 = high /3 PNP, 

PN4250, 2N3906 
or similar 


+ 15 



At = LM607, LM11, LF411A 
or similar 


TL/H/9110-17 





LM169, 


Typical Applications (Continued) 


Oscilloscope Calibrator 


S3 

O OFF POWER 


x 

1 ....„ L 6 . . 

-5-B2 | 

LMoby r^ r 

-AM . 

1® , 

T 1 

4 

| MM74HC04 | | 

CD4020 | 

L_ 

0.1 

: Y 1® 

© 





SI 

FREQUENCY 
SELECTOR 
(1MHz, 976 Hz) 


2 22X1 SCOPE 


S2 

AMPLITUDE 
SELECTOR 
(10V, lOmV) 


Precision Wide-Range Current Sink 


_ 10V 
out Rx 

Ai = LM11, LM607 or similar. 

(V3 + 2 V) <; V out £ +20V. 

Q1, Q2 = high Beta NPN, 2N3707, 2N3904 or similar. 



Digitally Variable Supply 


v out = -10V x (Digitally Set Gain). 

Ai = LM11A, LM607, or similar. 

MDAC = DAC1220, DAC1208, DAC1230, or similar. 





Typical Applications (Continued) 

Ultra-Low-Noise Statistical Reference 


+15V 



POLYPROPYLENE 


200ft <; R £ Ik 

When N pieces of LM369 are used, the V out noise is decreased by a factor of 

If the output buffer is not used, for lowest noise add 0.1 ju.F Mylar® from ground to pin 5 of each LM369. 


TL/H/91 10-23 


LM169 Block Diagram 



+VS 


VOUT 


TRIM AND 
FILTER 


GROUND 


'Do not connect; internal connection for factory trim. 


TL/H/91 10-15 











LM 185-1 .2/LM285-1 .2/LM385-1 .2 



National 

Semiconductor 

Corporation 


LM 1 85- 1 .2/LM285-1 .2/LM385 
Reference Diode 

General Description 

The LM1 85-1 .2/LM285-1 .2/LM385-1 .2 are micropower 2- 
terminal band-gap voltage regulator diodes. Operating over 
a 1 0 /utA to 20 mA current range, they feature exceptionally 
low dynamic impedance and good temperature stability. On- 
chip trimming is used to provide tight voltage tolerance. 
Since the LM185-1.2 band-gap reference uses only transis- 
tors and resistors, low noise and good long term stability 
result. 

Careful design of the LM185-1.2 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. 

The extremely low power drain of the LM 185-1 .2 makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf life. 


1.2 Micropower Voltage 


Further, the wide operating current allows it to replace older 
references with a tighter tolerance part. 

The LM185-1.2 is rated for operation over a -55°C to 
125°C temperature range while the LM285-1.2 is rated 
— 40°C to 85°C and the LM385-1.2 0°C to 70°C. The LM185- 
1.2/LM285-1.2 are available in a hermetic TO-46 package 
and the LM285-1.2/LM385-1.2 are also available in a low- 
cost TO-92 molded package, as well as S.O. 

Features 

■ Operating current of 10 jitA to 20 mA 

■ 1 % and 2% initial tolerance 

■ in dynamic impedance 

■ Low temperature coefficient 

■ Low voltage reference — 1 .235V 

■ 2.5V device also available— LM385-2.5 


Connection Diagrams 


TO-92 

Plastic Package (Z) 



TL/H/5518-10 

Bottom View 

Order Number LM385Z-1.2, 
LM385BZ-1.2, LM385BXZ-1.2, 
LM385BYZ-1.2, LM285BXZ-1.2, 
LM285BYZ-1.2 or LM285Z-1.2 
See NS Package Number Z03A 


TO-46 

Metal Can Package (H) 



Order Number LM185H-1.2, 
LM185BXH-1.2, LM185BYH-1.2, 
LM285H-1.2, LM285BXH-1.2 
or LM285BYH-1.2 
See NS Package Number H02A 


SO Package 


+ NC NC NC 



TL/H/5518-9 

Order Number LM285M-1.2, 
LM385M-1.2 or LM385BM-1.2 
See NS Package Number M08A 


Applications 

Wide Input Range 
Reference 

Vin = 2.3V TO 30V 

, I , 




TL/H/5518-8 


Centigrade Thermometer 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 6) 

Reverse Current 30mA 

Forward Current 10mA 

Operating Temperature Range 
LM185-1.2 — 55°C to + 125°C 

LM285-1 .2 — 40°C to + 85°C 

LM385-1.2 0°C to 70°C 


Storage Temperature -55°C to + 1 50°C 

Soldering information 

TO-92 package: 1 0 sec. 260°C 

TO-46 package: 1 0 sec. 300°C 

SO package: Vapor phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Notei) 


Parameter 

Conditions 

LM185-1.2 

LM185BX-1.2 

LM185BY-1.2 

LM285-1.2 

LM285BX-1.2 

LM285BY-1.2 

LM385-1.2 

LM385B-1.2 

LM385BX-1.2 

LM385BY-1.2 

Units 

Limit 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Typ 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Reverse Breakdown 

Ta = 25 0 C, ImIN^Ir^ImAX 








Voltage 

LM1 85-1 .2/LM285-1 .2/LM385B-1 .2 

1.235 

1.223 


1.235 

1.223 


VmIN 




1.247 



1.247 


V MAX 


LM385-1.2 




1.235 

1.205 


Vmin 







1.260 


Vmax 

Minimum Operating 


8 

10 

20 

8 

15 

20 

/JL A 

Current 









Reverse Breakdown 

I M |n^Ir^ 1 mA 


1 

1.5 


1 

1.5 

mV 

Voltage Change with 

1 mA^lR^20 mA 


10 

20 


20 

25 

mV 

Current 









Reverse Dynamic 

l R = 100 juA f = 20 Hz 

1 



1 



a 

Impedance 









Wideband Noise (rms) 

Ir = 1 00 /xA 

60 



60 



M'V 


10Hz<;f<; 10 kHz 








Long Term Stability 

l R = 100 juA, T = 1000 Hr 

20 



20 



ppm 


T a = 25°C±0.1°C 








Average Temperature 

Ir= 100 jaA 








Coefficient (Note 4) 

X Series 


30 



30 


ppm/°C 


Y Series 


50 



50 


ppm/°C 


Other Versions 



150 



150 

ppm/°C 


Note 1: Parameters identified with boldface type apply at temperature extremes and for Imin <Ir< 20 mA, unless otherwise specified. All other numbers apply at 
T a = Tj = 25°C. 


Note 2: Guaranteed and 100% production tested. 

Note 3: Guaranteed (but not 100% production tested) over the operating temperature and input current ranges. These limits are not to be used to calculate 
outgoing quality levels. 

Note 4: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between the operating T^ax 
and T M in. divided by Tmax - Tmin- The measured temperatures are -55°C, -40 # C, 0°C, 25 e C, 70°C, 85°C, 125 e C. 

Note 5: For elevated temperature operation, Tj max is: 

LM185 150°C 

LM285 125°C 

LM385 100°C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0j a (junction to ambient) 

180°C/W (0.4" leads) 
170°C/W (0.125" leads) 

440°C/W 

1 65°C/W 

0j C (junction to case) 

n/a 

80°C/W 

n/a 


Note 6: Refer to RETS185H-1.2 for military specifications. 


7-59 


LM185-1.2/LM285-1.2/LM385-1.2 









LM 1 85-1 .2/LM285-1 .2/LM385-1 .2 


Typical Performance Characteristics 


Reverse Characteristics 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

REVERSE VOLTAGE (V) 


Reverse Characteristics 



0.01 0.1 1 10 100 
REVERSE CURRENT ImA) 


Forward Characteristics 



0.01 0.1 1 10 100 
FORWARD CURRENT (mA) 


Temperature Drift 



-55 - 35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 



Reverse Dynamic impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Filtered Output Noise 



100 Ik 10k 100k 


CUTOFF FREQUENCY (Hz) 


Response Time 



TIME ins) 


TL/H/5518-3 
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LM 1 85-1 .2/LM285-1 .2/LM385-1 .2 
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LM1 85-1 .2/LM285-1 .2/LM385-1 .2 



LM185-2.5/LM285-2.5/LM385-2.5 



National 

Semiconductor 

Corporation 


LM185-2.5/LM285-2.5/LM385-2.5 Micropower 
Voltage Reference Diode 


General Description 

The LM185-2.5/LM285-2.5/LM385-2.5 are micropower 2- 
terminal band-gap voltage regulator diodes. Operating over 
a 20 jmA to 20 mA current range, they feature exceptionally 
low dynamic impedance and good temperature stability. On- 
chip trimming is used to provide tight voltage tolerance. 
Since the LM-1 85-2.5 band-gap reference uses only transis- 
tors and resistors, low noise and good long term stability 
result. 

Careful design of the LM 185-2.5 has made the device ex- 
ceptionally tolerant of capacitive loading, making it easy to 
use in almost any reference application. The wide dynamic 
operating range allows its use with widely varying supplies 
with excellent regulation. 

The extremely low power drain of the LM 185-2.5 makes it 
useful for micropower circuitry. This voltage reference can 
be used to make portable meters, regulators or general pur- 
pose analog circuitry with battery life approaching shelf life. 


Further, the wide operating current allows it to replace older 
references with a tighter tolerance part. For applications re- 
quiring 1.2V see LM185-1.2. 

The LM 185-2.5 is rated for operation over a -55°C to 
125°C temperature range while the LM285-2.5 is rated 
— 40°C to 85°C and the LM385-2.5 0°C to 70°C. The LM185- 
2.5/LM285-2.5 are available in a hermetic TO-46 package 
and the LM285-2.5/LM385-2.5 are also available in a low- 
cost TO-92 molded package, as well as S.O. 

Features 

■ Operating current of 20 juA to 20 mA 

■ 1.5% and 3% initial tolerance 

■ ia dynamic impedance 

■ Low temperature coefficient 
b Low voltage reference— 2.5V 


Applications 

Wide Input Range Reference Micropower 

V|n = 3.7VTO 30V 


I 



Connection Diagrams 


TO-92 

Plastic Package 



TL/H/5519-8 

Bottom View 

Order Number LM285BXZ-2.5, 
LM285BYZ-2.5, LM285Z-2.5, 
LM385Z-2.5, LM385BZ-2.5, 
LM385BXZ-2.5 or LM385BYZ-2.5 
See NS Package Number Z03A 


TL/H/5519-12 


TO-46 

Metal Can Package 



TL/H/5519-13 

Bottom View 

Order Number LM185H-2.5, 
LM185BXH-2.5, LM185BYH-2.5, 
LM285H-2.5, LM285BXH-2.5 or 
LM285BYH-2.5 

See NS Package Number H02A 


Reference from 9V Battery 
9V 



TL/H/5519-2 


SO Package 


+ NC NC NC 



TL/H/5519-11 

Order Number LM285M-2.5, 
LM385M-2.5 or LM385BM-2.5 
See NS Package Number M08A 
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Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 6) 

Reverse Current 30 mA 

Forward Current 1 0 mA 

Operating Temperature Range 
LM1 85-2.5 — 55°C to + 125°C 

LM285-2.5 -40°C to + 85°C 

LM385-2.5 0°C to 70°C 


Storage T emperature - 55°C to + 1 50°C 

Soldering Information 

TO-92 Package (1 0 sec.) 260°C 

TO-48 Package (1 0 sec.) 300°C 

SO Package 

Vapor Phase (60 sec.) 21 5°C 

Infrared (15 sec.) 220°C 

See AN-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Notei) 





LM 185-2.5 








LM185BX-2.5 


LM385-2.5 





LM185BY-2.5 


LM385B-2.5 





LM285-2.5 


LM385BX-2.5 

Units 

Limit 

Parameter 

Conditions 


LM285BX-2.5 


LM385BY-2.5 




LM285BY-2.5 







Tested 

Design 


Tested 

Design 




Typ 

Limit 

Limit 

Typ 

Limit 

Limit 





(Note 2) 

(Note 3) 


(Note 2) 

(Note 3) 


Reverse Breakdown 

T a =25 0 C. Imin^Ir^Imax 








Voltage 

LM1 85-2.5/LM285-2.5/LM385B-2.5 

2.5 

2.462 


2.5 

2.462 


V MIN 




2.538 



2.538 


V MAX 


LM385-2.5 




2.5 

2.425 


Vmin 







2.575 


V MAX 

Minimum Operating 
Current 



20 



20 



Reverse Breakdown 

20 /xA^Ir^I mA 


1 

1.5 


2.0 



Voltage Change with 
Current 

1 mA^lR^20 mA 


10 

20 


20 



Reverse Dynamic 
Impedance 

l R = 100 jaA, f =20 Hz 

1 



1 



a 

Wideband Noise (rms) 

l R = 100 jaA 

10Hz<;ff£ 10 kHz 

120 



120 



^v 

Long Term Stability 

l R = 100 jaA, T = 1000 Hr 
T a =25°C±0.1°C 

20 



20 




Average Temperature 

Ir= 100 jaA 




m 

■■ 



Coefficient (Note 4) 

X Series 


30 



Mm 


ppm/°C 


Y Series 


50 



Mm 


ppm/°C 


Other Versions 



150 

■ 

WM 

150 

ppm/°C 


Note 1: Parameters identified with boldface type apply at temperature extremes and for Imin < Ir < 20 mA, unless otherwise specified. All other numbers apply at 
T A = T j = 25°C. 

Note 2: Guaranteed and 1 00% production tested. 

Note 3: Guaranteed (but not 100% production tested) over the operating temperature and input current ranges. These limits are not to be used to calculate 
outgoing quality levels. 

Note 4: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures between the operating T^ A x 
and Tmin, divided by Tmax -T MIN- The measured temperatures are -55°C, -40°C, 0°C, 25°C, 70°C, 85°C, 125°C. 

Note 5: For elevated temperature operation, Tj max is: 

LM185 150°C 

LM285 125°C 

LM385 100°C 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0ja (Junction to Ambient) 

1 80°C/W (0.4" leads) 
170°C/W (0.125" leads) 

440°C/W 

165°C/W 

0j a (Junction to Case) 

n/a 

80’C/W 

n/a 


Note 6: Refer to RETS185H-2.5 for military specifications. 
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LM185-2.5/LM285-2.5/LM385-2.5 




















LM 1 85-2.5/LM285-2.5/LM385-2.5 


Typical Performance Characteristics 


Reverse Characteristics 



0 0.5 1.0 1.5 2.0 2.5 3.0 

REVERSE VOLTAGE (V) 


Reverse Characteristics 



0.01 0.1 1 10 100 
REVERSE CURRENT (mA) 


Forward Characteristics 



0.01 0.1 1 10 100 
FORWARD CURRENT (mA) 


Temperature Drift 



Reverse Dynamic 
Impedance 



Reverse Dynamic 
Impedance 



10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Filtered Output Noise 



100 Ik 10k 100k 

CUTOFF FREQUENCY (Hz) 


Response Time 



a| 1 



/ OUTPUT 



7 1 

/ wfut 




L : 




OUTPUT 




_ * 



■r 

a. 



j ^ 











INPUT 









0 200 400 600 

TIME (jus) 

TL/H/5519-3 
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LM 1 85-2.5/LM285-2.5/LM385-2.5 


LM385-2.5 Applications (Continued) 


Micropower Thermocouple Cold Junction Compensator 



ISOTHERMAL 
WITH LM334 


Adjustment Procedure 

1. Adjust TC ADJ pot until voltage across R1 equals Kelvin temperature 
multiplied by the thermocouple Seebeck coefficient. 

2. Adjust zero ADJ pot until voltage across R2 equals the thermocouple 
Seebeck coefficient multiplied by 273.2. 


TL/H/5519-6 


Thermocouple 

Seebeck 

Co- 

R1 

Type 

efficient 

(ft) 

J 

(,*V/°C) 

52.3 

523 

T 

42.8 

432 

K 

40.8 

412 

S 

6.4 

63.4 

Typical supply current 50 juA 



R2 

(ft) 

Voltage 
Across R1 

@25°C 

(mV) 

Voltage 
Across R2 
(mV) 

1.24k 

15.60 

14.32 

Ik 

12.77 

11.78 

95317 

12.17 

11.17 

15017 

1.908 

1.766 


Improving Regulation of Adjustable 
Regulators 



Schematic Diagram 



TL/H/5519-1 







National 

Semiconductor 

Corporation 


LM 185/285/385 Adjustable Micropower Voltage 
Reference 


General Description 

The LM185/LM285/LM385 are micropower 3-terminal ad- 
justable band-gap voltage reference diodes. Operating from 
1.24 to 5.3V and over a 10 juiA to 20 mA current range, they 
feature exceptionally low dynamic impedance and good 
temperature stability. On-chip trimming is used to provide 
tight voltage tolerance. Since the LM185 band-gap refer- 
ence uses only transistors and resistors, low noise and 
good long-term stability result. 

Careful design of the LM185 has made the device tolerant 
of capacitive loading, making it easy to use in almost any 
reference application. The wide dynamic operating range 
allows its use with widely varying supplies with excellent 
regulation. 

The extremely low power drain of the LM1 85 makes it useful 
for micropower circuitry. This voltage reference can be used 
to make portable meters, regulators or general purpose an- 


alog circuitry with battery life approaching shelf life. Further, 
the wide operating current allows it to replace older refer- 
ences with a tighter tolerance part. 

The LM185 is rated for operation over a -55°C to 125°C 
temperature range, while the LM285 is rated -40°C to 85°C 
and the LM385 0°C to 70°C. The LM185 is available in a 
hermetic TO-46 package and the LM285/LM385 are avail- 
able in a low-cost TO-92 molded package, as well as S.O. 

Features 

■ Adjustable from 1 .24V to 5.30V 

■ Operating current of 1 0 juA to 20 mA 

■ 1% and 2% initial tolerance 

■ 1 ft dynamic impedance 

■ Low temperature coefficient 


Connection Diagrams 


TO-92 

Plastic Package 



TL/H/5250-9 

Bottom View 

Order Number LM285BXZ, 
LM285BYZ, LM285Z, LM385BXZ, 
LM385BYZ or LM385Z 
See NS Package Number Z03A 


TO-46 

Metal Can Package 



TL/H/5250-1 

Bottom View 

Order Number LM185BH, 
LM185BXH or LM185BYH 
See NS Package Number H03A 


SO Package 

+ NC NC ADJ 



Order Number LM285M or LM385M 
See NS Package Number M08A 


Block Diagram 



Typical Applications 

1.2V Reference 
9V 

< R1 
S 500k 

4 1.2V 

+ | 

FB 

LM385 — j 

IP 

TL/H/5250-14 


5.0V Reference 

9V 
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LM185/LM285/LM385 


Absolute Maximum Ratings 

If Military/Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

(Note 6) 

Reverse Current 30 mA 

Forward Current 1 0 mA 

Operating Temperature Range 
LM1 85 Series -55°Cto 125°C 

LM285 Series -40°Cto85°C 

LM385 Series 0°C to 70°C 

Storage Temperature -55°C to 1 50°C 


Soldering Information 

TO-92 Package (10 sec.) 

260°C 

TO-46 Package (10 sec.) 

300°C 

SO Package 

Vapor Phase (60 sec.) 

215°C 

Infrared (15 sec.) 

220°C 


See An-450 “Surface Mounting Methods and Their Effect 
on Product Reliability” (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Notei) 




LM185BX, LM185BY 
LM185B, LM285BX 

LM385BX, LM385BY 


Parameter 

Conditions 

LM285BY, LM285 




Unit 


Tested 

Design 


Tested 

Design 



Limit 



Typ 

Limit 

Limit 

Typ 

Limit 

Limit 





(Note 2) 

(Note 3) 


(Note 2) 

(Note 3) 


Reference Voltage 

l R = 100 JU.A 

1.240 

1.252 

1.255 


1.240 

1.252 

1.255 

Vmax 


B-Series 


1.228 

1.215 



1.228 

1.215 

Vmin 


LM285 and 

1.240 

1.265 

1.270 


1.265 

1.270 

Vmax 


LM385 


1.215 

1.205 


1.215 

1.205 

Vmin 

Reference Voltage 

Imin^R^I 

0.2 






mV max 

Change with Current 

1 mA<lR<20 mA 

4 






mV max 

Dynamic Output 

l R = 100 jmA, f= 100 Hz 








Impedance 

lAC = 0.1 Ir Vr = Vref 

0.3 






ohm 


Vr = 5.3V 

0.7 






ohm 

Reference Voltage Change 
with Output Voltage 

Ir = 100 juA 

1 


6 



10 

mV max 

Feedback Current 


13 

20 

25 

16 

30 

35 

nA max 

Minimum Operating 

Vr = Vr EF 

6 

9 

10 

7 

11 

13 

jmA min 

Current (see curve) 

Vr = 5.3V 

30 

45 

50 

35 

55 

60 

jul A min 

Output Wideband Noise 

Ir=100 jllA, 10 Hz<f<10 kHz 









Vout=Vref 

50 



50 



juV rms 


Vqut = 5.3V 

170 



170 



ju,V rms 

Average Temperature 

Ir = 100 fiA x . Series 


30 



30 


ppm/°C 

Coefficient (Note 4) 





max 









ppm/°C 


Y-Series 


50 



50 


max 


LM185B, LM285 
and LM385 



150 



150 

ppm/°C 

max 

Long Term Stability 

l R = 100 hA,T= 1000 hr 

Tr — 25°C ± 0.1 "C 

20 






ppm 


Note 1: Parameters identified with boldface type apply at temperature extremes and for l m j n < Ir < 20 mA and for Vref < Vout < 53V - A,) other numbers 
apply at Ta = Tj = 25°C. 

Note 2: Guaranteed and 100% production tested. 

Note 3: Guaranteed (but not 100% production tested) over the operating temperature and input current ranges. These limits are not to be used to calculate 
outgoing quality levels. 


Note 4: The average temperature coefficient is defined as the maximum deviation of reference voltage at all measured temperatures from T m j n to T max , divided by 
T max “ T m j n . The measured temperatures are -55, -40, 0, 25, 70, 85, 125°C. 

Note 5: For elevated temperature operation, Tj max is: 

LM185 150°C 

LM285 125°C 

LM385 100°C 

Note 6: Refer to RETS185H for military specifications. 


Thermal Resistance 

TO-92 

TO-46 

SO-8 

0j a (Junction to Ambient) 

160°C/W (0.4" leads) 
170°C/W (0.125" leads) 

440°C/W 

1 65°C/W 

0| C (Junction to Case) 

n/a 

80°C/W 

n/a 
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Typical Performance Characteristics 


Temperature Drift 



-55 -35-15 5 25 45 65 85 105 125 
TEMPERATURE (°C) 


Reverse Characteristics 



0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 

REVERSE VOLTAGE (V) 

Output Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 

LM185 

Temperature Coefficient Typical 


Feedback Current 


25 

1 20 

z 

UJ 

s 15 

=s 

o 

| 10 
a 

UJ 

U. 5 

0 



■ 

■ 


E 



■ 

■ 


1 


1 


■1 

■1 

1 

8 


■ 

■ 


i 

i 

S! 


1 




■ 

■ 


-50 -25 0 25 50 75 100 125 

TEMPERATURE (°C) 



0.01 0.1 1 10 100 
REVERSE CURRENT (mA) 

Dynamic Output Impedance 



100 Ik 10k 100k 

FREQUENCY (Hz) 


LM285 

Temperature Coefficient Typical 




1 2 3 4 5 6 

OUTPUT VOLTAGE (V) 



0.01 0.1 1 10 100 
FORWARD CURRENT (mA) 

Response Time 



0 50 100 150 200 

TIME (/xs) 

TL/H/5250-3 

LM385 

Temperature Coefficient Typical 

! £ 1 
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LM 1 85/LM285/LM385 


Typical Applications (Continued) 


Precision 10V Reference 

15V 



25V Low Current Shunt Regulator 


v+ 



Low AC Noise Reference 


15V 



200 mA Shunt Regulator 

v+ 



Series-Shunt 20 mA Regulator High Efficiency Low Power Regulator 
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LM 1 85/LM285/LM385 


Typical Applications (Continued) 

Simple Floating Current Detector 

0T0 20 mA 



Current Source 

+ 15V 



Precision Floating Current Detector 


0T0 20 mA 



TL/H/5250-7 

D1 can be any LED, Vf= 1.5V to 2.2V at 3 mA. D1 may act as an 
indicator. D1 will be on if ljHRESHOLD falls below the threshold current, 
except with 1 = 0. 
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LM 1 99/LM299/LM399/LM3999 


National 

Semiconductor 

Corporation 


LM 1 99/ LM299/LM399/LM3999 Precision Reference 


General Description 

The LM199 series are precision, temperature-stabilized 
monolithic zeners offering temperature coefficients a factor 
of ten better than high quality reference zeners. Construct- 
ed on a single monolithic chip is a temperature stabilizer 
circuit and an active reference zener. The active circuitry 
reduces the dynamic impedance of the zener to about 0.5H 
and allows the zener to operate over 0.5 mA to 1 0 mA cur- 
rent range with essentially no change in voltage or tempera- 
ture coefficient. Further, a new subsurface zener structure 
gives low noise and excellent long term stability compared 
to ordinary monolithic zeners. The package is supplied with 
a thermal shield to minimize heater power and improve tem- 
perature regulation. 

The LM199 series references are exceptionally easy to use 
and free of the problems that are often experienced with 
ordinary zeners. There is virtually no hysteresis in reference 
voltage with temperature cycling. Also, the LM199 is free of 
voltage shifts due to stress on the leads. Finally, since the 
unit is temperature stabilized, warm up time is fast. 

The LM199 can be used in almost any application in place 
of ordinary zeners with improved performance. Some ideal 
applications are analog to digital converters, calibration 
standards, precision voltage or current sources or precision 
power supplies. Further in many cases the LM199 can re- 
place references in existing equipment with a minimum of 
wiring changes. 


The LM199 series devices are packaged in a standard her- 
metic TO-46 package inside a thermal shield. The LM199 is 
rated for operation from -55°C to + 125°C while the LM299 
is rated for operation from -25°C to +85°C and the LM399 
is rated from 0°C to +70°C. 

The LM3999 is packaged in a standard TO-92 package and 
is rated from 0°C to +70°C 

Features 

■ Guaranteed 0.0001 %/°C temperature coefficient 

■ Low dynamic impedance — 0.5fl 

■ Initial tolerance on breakdown voltage — 2% 

■ Sharp breakdown at 400 /xA 

■ Wide operating current — 500 /xA to 1 0 mA 

■ Wide supply range for temperature stabilizer 

■ Guaranteed low noise 

■ Low power for stabilization — 300 mW at 25°C 

■ Long term stability — 20 ppm 

■ Proven reliability, low-stress packaging in TO-46 inte- 
grated-circuit hermetic package, for low hysteresis after 
thermal cycling. 33 million hours MTBF at Ta = +25°C 
(Tj = +86°C) 

■ Certified long term stability available 


Connection Diagrams 


Metal Can Package 



TL/H/5717-14 

Top View 

LM199/LM299/LM399 (See Table on fourth page) 
NS Package Number H04D 

Plastic Package TO-92 



Bottom View 


TL/H/5717-10 


LM3999 (See Table on fourth page) 
NS Package Number Z03A 


Functional Block Diagrams 

LM 1 99/LM299/LM399 



TL/H/5717-15 






□ 


TL/H/5717-1 1 
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Absolute Maximum Ratings 

Specifications for Military/ Aerospace products are not 
contained in this datasheet. Refer to the following Reli- 
ability Electrical Test Specifications documents: 
RETS199X for LM199, RETS199AX for LM199A. 

Temperature Stabilizer Voltage 
LM1 99/LM299/LM399 40V 

LM3999 36V 

Reverse Breakdown Current 20 mA 

Forward Current 

LM1 99/LM299/LM399 1 mA 

LM3999 -0.1 mA 

Electrical Characteristics (Note 2 > 


Reference to Substrate Voltage V(rsj (Note 1) 


40V 

-0.1V 


Operating Temperature Range 
LM199 
LM299 

LM399/LM3999 
Storage Temperature Range 
Soldering Information 
TO-92 package (10 sec.) 
TO-46 package (1 0 sec.) 


— 55°C to + 125°C 
— 25°C to +85°C 
— 0°C to +70°C 
— 55°C to +150°C 

+ 260°C 
+ 300°C 


— 

Parameter 

Conditions 

LM199/LM299 

LM399 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 




Reverse Breakdown Voltage 

0.5 mA ^ Ir ^ 10 mA 

6.8 

6.95 

7.1 

6.6 

6.95 

7.3 

V 

Reverse Breakdown Voltage 

0.5 mA ^ Ir ^ 10 mA 


6 



6 

12 

mV 

Change with Current 



9 


Reverse Dynamic Impedance 

Ir = 1 mA 


0.5 

1 


0.5 

1.5 

n 

Reverse Breakdown 

-55°C<:T A <;+85 0 C \ 

+ 85°C^T A ^ + 125°CJ 9 


0.00003 

0.0001 




%/°c 

Temperature Coefficient 


0.0005 

0.0015 




%/°c 


-25°C^T a ^85°C LM299 


0.00003 

0.0001 




%/°c 


0°C<T a ^ +70°C LM399 





0.00003 

0.0002 

%/°c 

RMS Noise 

lOHz^f £ 10kHz 


7 

20 


7 

50 

M-V 

Long Term Stability 

Stabilized, 22°C^T A ^28°C, 

1000 Hours, l R = 1 mA±0.1 % 


20 



20 


ppm 

Temperature Stabilizer 

T a = 25°C, Still Air, V s = 30V 


8.5 

14 


8.5 

15 

mA 

Supply Current 

T A = — 55°C 


22 

28 




Temperature Stabilizer 

Supply Voltage 


9 


40 

9 


40 

V 

Warm-Up Time to 0.05% 

V s = 30V, T a = 25°C 


3 



3 


sec. 

Initial Turn-on Current 

9^ V s ^40, T a = +25°C, (Note 3) 


140 

200 


140 

200 

mA 


Electrical Characteristics (Note 2 ) 


Parameter 


Conditions 


LM3999 


Min 


Typ 


Max 


Units 


Reverse Breakdown Voltage 


0.6 mA ^ Ir ^ 10 mA 


6.6 


6.95 


7.3 


Reverse Breakdown Voltage 
Change with Current 


0.6 mA ^ Ir ^ 10 mA 


20 


mV 


Reverse Dynamic Impedance 


Ir = 1 mA 


0.6 


2.2 


Reverse Breakdown 
Temperature Coefficient 


o°c <; t a <; 70°c 


0.0002 


0.0005 


%/°C 


RMS Noise 


10Hz <;f <; 10kHz 


juV 


Long Term Stability 


Stabilized, 22°C ^ Ta ^ 28°C, 
1000 Hours, l R = 1 mA ±0.1% 


20 


ppm 


Temperature Stabilizer 


T a = 25°C, Still Air, V s = 30V 


12 


18 


mA 


Temperature Stabilizer 
Supply Voltage 


36 


Warm-Up Time to 0.05% 


V s = 30V, T a = 25°C 


Initial Turn-On Current 


9 <; V s £ 40, T a = 25°C 


140 


200 


mA 
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LM 1 99/LM299/LM399/LM3999 


Electrical Characteristics (Notea) 

Parameter 

Conditions 

LM199A, LM299A 

LM399A 

Units 


1 

Max 

Min 

Typ 

Max 


0.5 mA ^ Ir ^ 10 mA 

6.8 

6.95 

7.1 

SEE! 

WWM\ 

m ii 


Reverse Breakdown Voltage 
Change with Current 

0.5 mA ^ Ir ^ 10 mA 


6 

9 


6 

12 


Reverse Dynamic Impedance 

Ir = 1 mA 


0.5 

1 


0.5 

1.5 

n 

Reverse Breakdown 
Temperature Coefficient 

-55°C£T A <;+85°C 1 
+ 85°C<:Ta^ + 125 0 CJ LM199A 
-25°C<;T a <;85 0 C LM299A 

0°C<;T a <;+ 70 o C LM399A 


0.00002 

0.0005 

0.00002 

0.00005 

0.0010 

0.00005 


0.00003 

0.0001 

%/“C 

%/“C 

%/“C 

%/°c 

RMS Noise 

10 Hz ^ f ^ 10 kHz 


7 

20 


7 

50 


Long Term Stability 

Stabilized, 22°C£T A ^28°C, 

1000 Hours, l R = 1 mA±0.1% 


20 



20 


ppm 

Temperature Stabilizer 

Supply Current 

T a = 25°C, Still Air, V S = 30V 

T A = - 55°C 


8.5 

22 

14 

28 


8.5 

15 

mA 

Temperature Stabilizer 

Supply Voltage 


9 


40 

9 



m 

Warm-Up Time to 0.05% 

V S = 30V, T a = 25°C 


3 



3 


sec. 

Initial Turn-on Current 

9<; V s £40, T a = +25°C, (Note 3) 


140 

200 


140 


■a 

Electrical Characteristics (Note 2 ) 

Parameter 

Conditions 

LM199AH-20, LM299AH-20 

LM399AH-50 

Units 

Min 

Typ 

Max 

Min 

Typ 

Max 

Reverse Breakdown Voltage 

0.5 mA^lR^IO mA 

6.8 

6.95 

7.1 



m i 


Reverse Breakdown Voltage 
Change With Current 

0.5 mA^lR^IO mA 


6 

9 



D 

1 

Reverse Dynamic Impedance 

Ir = 1 mA 


0.5 

1 


0.5 

1.5 

n 

Reverse Breakdown 
Temperature Coefficient 

-55°C^T a ^85°1 
85°C<;T a <;125 0 CJ LM199A 
-25°C<;T a <;85 0 C LM299A 
0°C^T a ^70°C LM399A 


0.00002 

0.0005 

0.00002 

0.00005 

0.0010 

0.00005 


0.00003 

0.0001 

%/°c 

%/°c 

%/°c 

%/°c 

RMS Noise 

10 Hz^f^lO kHz 


7 



7 

50 

IBS 

Long Term Stability 

Stabilized, 22 °C^T a ^28°C, 

1000 Hours, l R =1 mA±0.1% 


8 

20 



50 

ppm 

Temperature Stabilizer 

Supply Current 

T a = 25°C, Still Air, V S = 30V 
T a =55°C 


8.5 

22 

14 

28 

■ 


15 

mA 

Temperature Stabilizer 

Supply Voltage 


9 





40 

V 

Warm-Up Time to 0.05% 

V s = 30V,T a = 25°C 


3 



3 


s 

Initial Turn-on Current 



140 

200 



IBS 

IBS 

Note 1: The substrate is electrically connected to the negative terminal of the temperature stabilizer. The voltage that can be applied to either terminal of the 
reference is 40V more positive or 0.1V more negative than the substrate. 

Note 2: These specifications apply for 30V applied to the temperature stabilizer and -55°C^T A ^ + 125°C for the LM199; -25°C£T A :£ + 85°C for the LM299 and 
0°C^T A <S +70°C for the LM399 and LM3999. 

Note 3: This initial current can be reduced by adding an appropriate resistor and capacitor to the heater circuit. See the performance characteristic graphs to 
determine values. 

Note 4: Do not wash the LM199 with its polysulfone thermal shield in TCE. 
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Ordering Information 


Initial 

Tolerance 

0°C to + 70°C 

— 25°C to +85°C 

— 55°C to +125°C 

NS 

Package 

2% 


LM299AH 

LM199AH 

H04D 

5% 

LM399H 

LM399AH 

LM299H 

LM199H 

H04D 

5% 

LM3999Z 



Z03A 

Guaranteed Long 

Term Stability 

LM399AH-50 

LM299AH-20 

LM199AH-20 

H04D 


Certified Long Term Drift 

The National Semiconductor LM199AH-20, LM299AH-20, 
and LM399AH-50 are ultra-stable Zener references special- 
ly selected from the production runs of LM199AH, 
LM299AH, LM399AH and tested to confirm a long-term sta- 
bility of 20, 20, or 50 ppm per 1000 hours, respectively. The 
devices are measured every 168 hours and the voltage of 
each device is logged and compared in such a way as to 
show the deviation from its initial value. Each measurement 
is taken with a probable-worst-case deviation of ±2 ppm, 
compared to the Reference Voltage, which is derived from 
several groups of NBS-traceable references such as 
LM199AH-20’s, 1N827’s, and saturated standard cells, so 


Typical Characteristics 

National Semiconductor 
Certified Long Term Drift 

LM199AH-20 
Part #6849 p 

Limits P 

LM199AH-20 140 juV T 
LM299AH-20 140 jmV L,y 
LM399AH-20 350 julV 


Hrs 

Drift 

168 

-20 

336 

-24 

504 

-36 

672 

-34 

840 

-40 

1008 

-36 


Testing Conditions 

Heater Voltage 30V 

Zener Current 1 mA 

Ambient Temp. 25°C 


that the deviation of any one group will not cause false indi- 
cations. Indeed, this comparison process has recently been 
automated using a specially prepared computer program 
which is custom-designed to reject noisy data (and require a 
repeat reading) and to record the average of the best 5 of 7 
readings, just as a sagacious standards engineer will reject 
unbelievable readings. 

The typical characteristic for the LM199AH-20 is shown be- 
low. This computerized print-out form of each reference’s 
stability is shipped with the unit. 



0 16 8 3 3 6 5 0 4 6 7 2 8 4 0 10 0 8 

H O U R S 


TL/H/5717-12 
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LM 1 99/LM299/LM399/LM3999 


Typical Performance Characteristics 


Reverse Characteristics 



6.25 6.45 6.65 6.85 7.05 

REVERSE VOLTAGE (V) 


Reverse Voltage Change 










IT 




TABILU 

“■ V 









,«25 ( 



y 




z: 






_ 




0 2 4 6 8 10 

REVERSE CURRENT (mA) 


Dynamic Impedance 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 


Zener Noise Voltage 



10 100 Ik 10k 100k 

FREQUENCY (Hz) 



-55 -35 -15 5 25 45 65 85 105 125 
TURN ON TEMPERATURE < C) 


Stabilization Time 


Heater Current 



04 8 12 16 20 



HEATER ON TIME - (SEC) 


TEMPERATURE ( C) 


Heater Current (To Limit This 



0 2 4 6 8 10 12 14 16 18 


TIME (SEC) 


Heater Surge Limit Resistor vs 
Minimum Supply Voltage at 
Various Minimum Temperatures 



0 10 20 30 40 

MINIMUM SUPPLY VOLTAGE (V) 

TL/H/5717-2 


’Heater must be bypassed with a 2 
fxF or larger tantalum capacitor if re- 
sistors are used. 


Low Frequency Noise Voltage 



0 2 4 6 8 10 


Response Time 



TIME (MINUTES) 


TL/H/5717-3 


TIME (ns) 


TL/H/5717-7 
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LM 1 99/LM299/LM399/LM3999 










Typical Applications (Continued) 


OV to 20V Power Reference 



Bipolar Output Reference 



Voltage Reference 



TL/H/5717-9 


TL/H/5717-6 
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PRELIMINARY 


LM368-2.5 Precision Voltage Reference 


General Description 

The LM368-2.5 is a precision, monolithic, temperature-com- 
pensated voltage reference. The LM368-2.5 makes use of 
thin-film technology enhanced by the discrete laser trim- 
ming of resistors to achieve excellent Temperature coeffi- 
cient (Tempco) of Vqut ( as low as 1 1 Ppm/°C), along with 
tight initial tolerance, (as low as 0.02%). The trim scheme is 
such that individual resistors are cut open rather than being 
trimmed (partially cut), to avoid resistor drift caused by elec- 
tromigration in the trimmed area. The LM368-2.5 also pro- 
vides excellent stability vs. changes in input voltage and 
output current. The output is short circuit proof. A trim pin is 
made available for fine trimming of Vqut or for obtaining 
intermediate values without greatly affecting the Tempco of 
the device. 


Features 

■ 400 julA operating current 

■ Low output impedance 

■ Excellent line regulation (.0001 %/V typical) 

■ Single-supply operation 

■ Externally trimmable 

■ Low temperature coefficient 

■ Excellent initial accuracy (0.02% typical) 

■ Best reference available for low-voltage operation 
(V s = 5V, Vref = 2.500V) 


Connection Diagrams 


Dual-ln-Line Package (N) 
or S.O. Package (M) 


Metal Can Package 



Top View 

Order Number LM368M-2.5 or LM368N-2.5 
See NS Package Number M08A or N08E 



Typical Applications 


Top View 

•case connected to V - 

Order Number LM368H-2.5 LM368YH-2.5 
See NS Package Number H08C 


Low Voltage Reference 


LM368-2.5 K- 2.500V 
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LM368-2.5 



LM368-2.5 


Absolute Maximum Ratings (Note7> 

If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 

Input Voltage 35V 

Power Dissipation 600 mW 

Storage Temperature Range -60°C to + 1 50°C 

Operating Temperature Range 0°C to + 70°C 


Soldering Information 

DIP (N) Package (10 sec.) +260°C 

TO-5 (H) Package (1 0 sec.) + 300°C 

SO (M) Package, Vapor Phase (60 sec.) + 21 5°C 

Infrared (1 5 sec.) + 220°C 


See AN-450 "Surface Mounting Methods and Their Effect 
on Product Reliability" (Appendix D) for other methods of 
soldering surface mount devices. 


Electrical Characteristics (Note d 


Parameter 

Conditions 

LM368-2.5 

Typical 

Tested 
Limit 
(Note 2) 

Design 
Limit 
(Note 3) 

Units 

(Max. unless 
noted) 

Vout Error: LM368 


±0.02 

±0.2 


% 

Line Regulation 

5.0V £ V| N £ 30V 

±0.0001 

±0.0005 


%/V 

Load Regulation (Note 8) 

0 mA ^ (source ^ 10 mA 

±0.0003 

±0.0025 


%/mA 

Thermal Regulation 

T = 20 mS (Note 4) 

±0.005 

±0.02 


%/100 mW 

Quiescent Current 


350 

550 



Change of Quiescent Current vs. Vin 

5.0V <; V| N £ 30V 

3 

5 



Temperature Coefficient 
of Vout (soo graph): LM368Y-2.5 
(Note 5) LM368-2.5 

0°C £ Ta £ 70°C 

0°C £ Ta £ 70°C 

±11 

±15 

±20 

±30 

o o 

E E 

CL CL 
CL Q. 

Short Circuit Current 

Vout = o 

30 

70 

100 

mA 

Noise: 0.1-10 Hz 

100 Hz-10 kHz 


12 

420 



uVp-p 

nV/i/Ri 

Vqut Adjust Range 

o ^ V P |N5 ^ Vqut 

1. 9-5.2 


2. 2-5.0 

V min. 


Note 1: Unless otherwise noted, these specifications apply: T A = 25°C, 4.9V £ Vin £ 10.5V, 0 ^ Iload ^ 0.5 mA, Cl £ 200 pF. 

Note 2: Tested Limits are guaranteed and 100% tested in production. 

Note 3: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 4: Thermal Regulation is defined as the change in the output Voltage at a time T after a step change in power dissipation of 100 mW. 

Note 5: Temperature Coefficient of Vout is defined as the worst case delta- Vout measured at Specified Temperatures divided by the total span of the Specified 
Temperature Range (See graphs). There is no guarantee that the Specified Temperatures are exactly at the minimum or maximum deviation. 

Note 6: In metal can (H), 0j. c is 75°C/W and 0j. A is 150°C/W. In plastic DIP, 0j. A is 160°C/W. In SO-8, 0j. A is 180°C/W, in TO-92, 0j. A is 160°C/W. 

Note 7: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating 
the device beyond its Rated Operating Conditions (see Note 1 and Conditions). 

Note 8: Load regulation is measured on the output pin at a point %" below the base of the package. Regulation is measured at constant junction temperature, 
using pulse testing with a low duty cycle. Changes in output voltage due to heating effects are covered under the specification for thermal regulation. 
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Typical Performance Characteristics (Notei) 


Quiescent Current vs. Input 
Voltage and Temperature 



Dropout Voltage vs. 



0 2 4 6 8 10 

OUTPUT CURRENT (mA) 




10 100 Ik 10k 100k 1M 

FREQUENCY (Hz) 


Output Change vs. 
Output Current 



0 2 4 6 8 10 
OUTPUT CURRENT (mA) 


(1) LM368 as is. 

(2) with 0.01 jutf Mylar, Trim to Gnd. 

(3) with ion in series with 10 ju,f, 
Vout Gnd. 

(4) with Both. 


Temperature Coefficient: 



-55 -40 0 25 70 85 125 


TEMPERATURE (°C) 

Typical Temperature Coefficient Calculations: 
LM368-2.5 (see Curve A) 

T.C. = 1.7 mV/ (70° X 2.5V) 

= 9.7 ppm/°C 


Output Noise vs. 
Frequency 



10 100 Ik 10k 

FREQUENCY (Hz) 


TL/H/8446-3 
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Typical Applications 


Wide Range Trimmable Regulator 


Narrow Range Trimmable Regulator (± 1% min.) 


J 


v + 


V + 

I 2 


1? 


VOUT 


LM368-2.5 

1 

LM368-2.5 


5 < R1 



20k 



I 


- VoUT 


TL/H/8446-5 


TL/H/8446-6 


Improved Noise Performance 


v + 



TL/H/8446-7 


±2.5V, ± 1.25V References 

+ 5V 




TL/H/8446-8 


R= Thin Film Resistor Network, 

±0.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-10K-A), 

(Caddock T-91 4-1 0K-1 00-05) 
or similar. 
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Typical Applications (Continued) 


Multiple Output Voltages 




R = Thin Film Resistor Network 

0.05% Matching and 5 ppm Tracking 
(Beckman 694-3-R-1 OK-A), 

(Caddock T-91 4-1 0K-1 00-05) 
or similar. 


Reference with Booster 


100 mA Boosted Reference 


100-200 

6 r w 


5 < (OPTIONAL 


■ V 0UT = 2.500V 


PRE-LOAD) ^50 M F 


♦ f- Vqut = 2.500V 

LM368-2.5 L 

5 < (OPTIONAL , 

, — 5 PRE-LOAD) ^ 50 uF 

tl: 2 X 
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LM581 Precision 10-Volt Voltage Reference 


General Description 

The LM581 Series are precision monolithic temperature- 
compensated voltage references. They are based on a bur- 
ied zener reference as pioneered in the LM199 references, 
but do not require any heater, as they rely on special tem- 
perature-compensation techniques {Patent Pending). The 
LM581 makes use of thin-film technology enhanced by the 
discrete laser trimming of resistors to achieve excellent 
Temperature coefficient (Tempco) of V ou t (as low as 1 
ppm/°C), along with tight initial tolerances (as low as 
0.01%). The trim scheme is such that individual resistors 
are cut open rather than being trimmed (partially cut), to 
avoid resistor drift caused by electromigration in the 
trimmed area. The LM581 also provides excellent stability 
vs. changes in input voltage and output current (both sourc- 
ing and sinking). The devices have a 10.000V output and 
will operate in either series or shunt mode; the output is 
short-circuit-proof to ground. 


Features 

■ Low Tempco of V out 
m Excellent initial accuracy (0.008%) 
m Excellent line regulation (2 ppm/V) 
n Excellent output impedance 
m Excellent thermal regulation 
es Low noise 

B Low dissipation — 20 mW 
a Operates in series or shunt mode 
m Direct replacement for AD581 


Connection Diagram 


Typical Applications 


Metal Can Package 



(Case is connected to ground.) 


TL/H/9217-1 


Order Number LM581JH, LM581KH, 
LM581LH, LM581SH, LM581TH or LM581UH 
See NS Package Number H03B 


Series Regulator 


+VS 



+ 10.000V 




o 


TL/H/9217-2 


Shunt Regulators 
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Surface Mount 


Cost pressures today are forcing many electronics manu- 
facturers to automate their production lines. Surface mount 
technology plays a key role in this cost-savings trend be- 
cause: 

1 . The mounting of devices on the PC board surface elimi- 
nates the expense of drilling holes; 

2. The use of pick-and-place machines to assemble the PC 
boards greatly reduces labor costs; 

3. The lighter and more compact assembled products re- 
sulting from the smaller dimensions of surface mount 
packages mean lower material costs. 

Production processes now permit both surface mount and 
insertion mount components to be assembled on the same 
PC board. 


SURFACE MOUNT PACKAGING AT NATIONAL 

To help our customers take advantage of this new technolo- 
gy, National has developed a line of surface mount pack- 
ages. Ranging in lead counts from 3 to 360, the package 
offerings are summarized in Table I. 

Lead center spacing keeps shrinking with each new genera- 
tion of surface mount package. Traditional packages (e.g., 
DIPs) have a 100 mil lead center spacing. Surface mount 
packages currently in production (e.g., SOT, SOIC, PCC, 
LCC, LDCC) have a 50 mil lead center spacing. Surface 
mount packages in production release (e.g., PQFP) have a 
25 mil lead center spacing. Surface mount packages in de- 
velopment (e.g., TAPEPAKtm) will have a lead center spac- 
ing of only 12-20 mils. 


TABLE I. Surface Mount Packages from National 


Package 

Type 


Small Outline 

Transistor 

(SOT) 


3cq 


CD 2 


Small Outline 
1C (SOIC) 



Plastic Chip 
Carrier (PCC) 


■Ti!i!i?i?n!B 


Bffil 


wmm 


Plastic Quad 
Flat Pack 
(PQFP) 



TAPEPAKtm 

(TP) 



Leadless Chip 
Carrier (LCC) 
(LDCC) 



rinnnnnnnn 


Leaded Chip 
Carrier 


Package 

Material 


Plastic 


Plastic 


Plastic 


Plastic 


Plastic 


Ceramic 


Ceramic 


Lead Bend 


Gull Wing 


Gull Wing 


J-Bend 


Gull Wing 


Gull Wing 


Gull Wing 


Lead Center 
Spacing 


50 Mils 


50 Mils 


50 Mils 


25 Mils 


20, 15, 12 Mils 


50 Mils 


50 Mils 


Tape & Reel 
Option 


Yes 


Yes 


Yes 


tbd 


tbd 


No 


No 


Lead Counts 


SOT-23 
High Profile 
SOT-23 
Low Profile 


SO-8C) 

SO-14C) 

SO-14 Wide(*) 
SO-16(*) 
SO-16 Wide(*) 
SO-20(*) 
SO-24(*) 


PCC-20(*) 

PCC-28(*) 

PCC-44(*) 

PCC-68 

PCC-84 

PCC-124 


PQFP-84 

PQFP-100 

PQFP-132 

PQFP-196(*) 

PQFP-244 


TP-40 (*) 

TP-68 

TP-84 

TP-132 

TP-172 

TP-220 

TP-284 

TP-360 


LCC- 18 
LCC-20(*) 

LCC-28 

LCC-32 

LCC-44 (*) 

LCC-48 

LCC-52 

LCC-68 

LCC-84 

LCC-124 


LDCC-44 

LDCC-68 

LDCC-84 

LDCC-124 


*ln production (or planned) for linear products. 
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Surface Mount 


LINEAR PRODUCTS IN SURFACE MOUNT 

Linear functions available in surface mount include: 

• Op amps 

• Comparators 

• Regulators 

• References 

• Data conversion 

• Industrial 

• Consumer 

• Automotive 

A complete list of linear part numbers in surface mount is 
presented in Table III. Refer to the datasheet in the appro- 
priate chapter of this databook for a complete description of 
the device. In addition, National is continually expanding the 
list of devices offered in surface mount. If the functions you 
need do not appear in Table III, contact the sales office or 
distributor branch nearest you for additional information. 
Automated manufacturers can improve their cost savings by 
using Tape-and-Reel for surface mount devices. Simplified 
handling results because hundreds-to-thousands of semi- 
conductors are carried on a single Tape-and-Reel pack (see 
ordering and shipping information — printed later in this sec- 
tion— for a comparison of devices/reel vs. devices/rail for 
those surface mount package types being used for linear 
products). With this higher device count per reel (when com- 
pared with less than a 100 devices per rail), pick-and-place 
machines have to be re-loaded less frequently and lower 
labor costs result. 

With Tape-and-Reel, manufacturers save twice— once from 
using surface mount technology for automated PC board 
assembly and again from less device handling during ship- 
ment and machine set-up. 

BOARD CONVERSION 

Besides new designs, many manufacturers are converting 
existing printed circuit board designs to surface mount. The 
resulting PCB will be smaller, lighter and less expensive to 
manufacture; but there is one caveat — be careful about the 
thermal dissipation capability of the surface mount package. 
Because the surface mount package is smaller than the tra- 
ditional dual-in-line package, the surface mount package is 
not capable of conducting as much heat away as the DIP 
(i.e., the surface mount package has a higher thermal resist- 
ance— see Table II). 

The silicon for most National devices can operate up to a 
150°C junction temperature (check the datasheet for the 
rare exception). Like the DIP, the surface mount package 
can actually withstand an ambient temperature of up to 
125°C (although a commercial temperature range device 
will only be specified for a max ambient temperature of 70°C 
and an industrial temperature range device will only be 
specified for a max ambient temperature of 85°C). See 
AN-336, “Understanding Integrated Circuit Package Power 
Capabilities”, (reprinted in the appendix of each linear data- 
book volume) for more information. 


TABLE II: Surface Mount Package 
Thermal Resistance Range’" 


Package 

Thermal Resistance*’" 

<0 ]A ,’C/W) 

SO-8 

120-175 

SO-14 

100-140 

SO-14 Wide 

70-110 

SO-16 

90-130 

SO-16 Wide 

70-100 

SO-20 

60-90 

SO-24 

55-85 

PCC-20 

70-100 

PCC-28 

60-90 

PCC-44 

o 

CD 

1 

o 


"Actual thermal resistance for a particular device depends on die size. 
Refer to the datasheet for the actual 0jA value. 

""Test conditions: PCB mount (FR4 material), still air (room temperature), 
copper traces (150 x 20 x 10 mils). 

Given a max junction temperature of 150°C and a maximum 
allowed ambient temperature, the surface mount device will 
be able to dissipate less power than the DIP device. This 
factor must be taken into account for new designs. 

For board conversion, the DIP and surface mount devices 
would have to dissipate the same power. This means the 
surface mount circuit would have a lower maximum allowa- 
ble ambient temperature than the DIP circuit. For DIP cir- 
cuits where the maximum ambient temperature required is 
substantially lower than the maximum ambient temperature 
allowed, there may be enough margin for safe operation of 
the surface mount circuit with its lower maximum allowable 
ambient temperature. But where the maximum ambient tem- 
perature required of the DIP current is close to the maxi- 
mum allowable ambient temperature, the lower maximum 
ambient temperature allowed for the surface mount circuit 
may fall below the maximum ambient temperature required. 
The circuit designer must be aware of this potential pitfall so 
that an appropriate work-around can be found to keep the 
surface mount package from being thermally overstressed 
in the application. 

SURFACE MOUNT LITERATURE 

National has published extensive literature on the subject of 
surface mount packaging. Engineers from packaging, quali- 
ty, reliability, and surface mount applications have pooled 
their experience to provide you with practical hands-on 
knowledge about the construction and use of surface mount 
packages. 

The applications note AN-450 “Surface Mounting Methods 
and their Effect on Product Reliability” is referenced on 
each SMD datasheet. In addition, “Wave Soldering of Sur- 
face Mount Components” is reprinted in this section for your 
information. 
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TABLE III. Linear Surface Mount Current Device Listing 


Amplifiers and Comparators 


Part Number 

LF347WM 

LF351M 

LF451CM 

LF353M 

LF355M 

LF356M 

LF357M 

LF444CWM 


LM10CWM 

LM10CLWM 

LM308M 

LM308AM 

LM310M 


LM311M 

LM318M 

LM319M 

LM324M 

LM339M 

LM346M 

LM348M 

LM358M 

LM359M 


Part Number 


LM392M 

LM393M 

LM741CM 

LM1458M 

LM2901M 

LM2902M 

LM2903M 

LM2904M 

LM2924M 

LM3403M 

LM4250M 

LM324M 

LM339M 

LM365WM 

LM607CM 

LMC669BCWM 

LMC669CCWM 


Regulators and References 


Part Number 

Part Number 

LM317LM 

LM2931M-5.0 

LF3334M 

LM3524M 

LM336M-2.5 

LF336BM-2.5 

LM336M-5.0 

LM78L05ACM 

LM78L12ACM 

LM78L15ACM 

LM336BM-5.0 

LM79L05ACM 

LM337LM 

LM79L12ACM 

LM385M 

LM385M-1.2 

LM79L15ACM 

LP2951ACM 

1 DOQCH f'M 


Lr^yo 1 L/M 

LM385BM-1.2 

LM385M-2.5 

LM385BM-2.5 

LM723CM 

LM2931CM 



Data Acquisition Circuits 


Part Number 


ADC0802LCV 

ADC0802LCWM 

ADC0804LCV 

ADC0804LCWM 

ADC0808CCV 

ADC0809CCV 

ADC081 1BCV 
ADC081 1CCV 
ADC0819BCV 
ADC0819CCV 
ADC0820BCV 
ADC0820CCV 

ADC0838BCV 

ADC0838CCV 

ADC0841BCV 

ADC0841CCV 

ADC0848BCV 

ADC0848CCV 

ADC1005BCV 

ADC1005CCV 


Part Number 


ADC1025BCV 
ADC1025CCV 
DAC0800LCM 
DAC0801 LCM 
DAC0802LCM 
DAC0806LCM 
DAC0807LCM 

DAC0808LCM 

DAC0830LCWM 

DAC0830LCV 

DAC0832LCWM 

DAC0832LCV 


Industrial Functions 


Commercial and Automotive 


Part Number 

Part Number 

LM386M-1 

LM1837M 

LM592M 

LM1851M 

LM831M 

LM1863M 

LM832M 

LM1865M 

LM833M 

LM1870M 

LM837M 

LM1894M 

LM838M 

LM 1964V 

LM1131CM 

LM2893M 

LM3361AM 

LM1881M 


Part Number 

Part Number 

AH5012CM 

LM13600M 

LF13331M 

LM13700M 

LF13509M 

LMC555CM 

LF13333M 

LM567CM 

LM555CM 

MF4CWM-50 

LM556CM 

MF4CWM-100 

LM567CM 

MF6CWM-50 

LM1496M 

MF10CCWM 

LM2917M 

MF6CWM-100 

LM3046M 

MF5CWM 

LM3086M 


LM3146M 
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Surface Mount 


Hybrids 


Part Number 

Part Number 

LH0002E 

LH0032E 

LH4002E 

LH0033E 


A FINAL WORD 

National is a world leader in the design and manufacture of 
surface mount components. 

Because of design innovations such as perforated copper 
leadframes, our small outline package is as reliable as our 
DIP— the laws of physics would have meant that a straight 
“junior copy” of the DIP would have resulted in an “S.O.” 
package of lower reliability. You benefit from this equiva- 
lence of reliability. In addition, our ongoing vigilance at each 
step of the production process assures that the reliability we 
designed in stays in so that only devices of the highest qual- 
ity and reliability are shipped to your factory. 

Our surface mount applications lab at our headquarters site 
in Santa Clara, California continues to research (and pub- 
lish) methods to make it even easier for you to use surface 
mount technology. Your problems are our problems. 

When you think “Surface Mount” — think “National”! 

Ordering and Shipping Information 

When you order a surface mount semiconductor, it will be in 
one of the several available surface mount package types. 
Specifying the Tape-and-Reel method of shipment means 
that you will receive your devices in the following quantities 
per Tape-and-Reel pack: SMD devices can also be supplied 
in conventional conductive rails. 


Package 

Package 

Designator 

Max/Rail 

Per Reel* 

SO-8 

M 

100 

2500 

SO-14 

M 

50 

2500 

SO-14 Wide 

WM 

50 

1000 

SO-16 

M 

50 

2500 

SO-16 Wide 

WM 

50 

1000 

SO-20 

M 

40 

1000 

SO-24 

M 

30 

1000 

PCL-20 

V 

50 

1000 

PCL-28 

V 

40 

1000 

PCL-44 

V 

25 

500 

PQFP-196 

VF 

TBD 

— 

TP-40 

TP 

100 

TBD 

LCC-20 

E 

50 

— 

LCC-44 

E 

25 

— 


’Incremental ordering quantities. (National Semiconductor reserves the right 
to provide a smaller quantity of devices per Tape-and-Reel pack to preserve 
lot or date code integrity. See example below.) 

Example: You order 5,000 LM324M ICs shipped in Tape- 
and-Reel. 

• Case 1: All 5,000 devices have the same date code 

• You receive 2 SO-14 (Narrow) Tape-and-Reel 
packs, each having 2500 LM324M ICs 

• Case 2: 3,000 devices have date code A and 2,000 de- 
vices have date code B 

• You receive 3 SO-14 (Narrow) Tape-and-Reel 
packs as follows: 

Pack # 1 has 2,500 LM324M ICs with date code A 
Pack #2 has 500 LM324M ICs with date code A 
Pack #3 has 2,000 LM324M ICs with date code B 


Short-Form Procurement Specification 

TAPE FORMAT 


Direction of Feed 



Trailer (Hub End)* 

Carrier* 

Leader (Start End)* 


Empty Cavities, 

Empty Cavities, 

Filled Cavities 

Empty Cavities, 

Empty Cavities, 


min (Unsealed 

min (Sealed 

(Sealed 

min (Sealed 

min (Unsealed 


Cover Tape) 

Cover Tape) 

Cover Tape) 

Cover Tape) 

Cover Tape) 

Small Outline 1C 

SO-8 (Narrow) 

2 

2 

2500 

5 



2 

2 

2500 

5 


SO-14 (Wide) 

2 

2 

1000 

5 

5 

SO-16 (Narrow) 

2 

2 


5 

5 

SO-16 (Wide) 

2 

2 

1000 

5 

5 


2 

2 

1000 

5 

5 


2 

2 

1000 

5 

5 

Plastic Chip Carrier 1C 

PCC-20 

2 

2 

1000 

5 

5 

PCC-28 

2 

2 

750 

5 

5 

PCC-44 

2 

2 

500 

5 

5 


’The following diagram identifies these sections of the tape and Pin # 1 device orientation. 
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Short-Form Procurement Specification (Continued) 

DEVICE ORIENTATION 


DIRECTION 
OF FEED 


- TRAILER 

— rannipn spr-rmM ^ 


SECTION 




j)ooooooooooooooooooooooooooocjooo 

•vr- 

o 

o 

0 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

Q 

o 



l 




1 , . 

v . ' ^ . ^ 7-X- 

^ V. J V - J 


HUB 

END 


• EMPTY 
CAVITIES 
' UNSEALED 
COVER TAPE 


> EMPTY 
CAVITIES 

• SEALED 
COVER TAPE 



EMPTY 

CAVITIES 


• OCHLCU 

\ COVER TAPI 


EMPTY 

CAVITIES 

UNSEALED 
COVER TAPE 


o o o 



nnnnn 




H 0 

1 



l 

□ 

1 

□ 

1 



' U U U U'U 



1 

— — J 


PCC-IC 

DEVICES 


TL/XX/0026-8 


MATERIALS 

• Cavity Tape: Conductive PVC (less than 10 5 Ohms/Sq) 

• Cover Tape: Polyester 

(1) Conductive cover available 

TAPE DIMENSIONS (24 Millimeter Tape or Less) 


o Reel: 


(1 ) Solid 80 pt fibreboard (standard) 

(2) Conductive fibreboard available 

(3) Conductive plastic (PVC) available 



DEVICE ORIENTATION 
f ' 





TS^=] 


PIN 

L nnnnn 


c 

C 


X 

□ 

1 

□ -o 

1 

2 

C 


3 


H 

2 

C 


□ 


H 

□ 


— 


q 

3 


SO-IC 


ITU U DTT 



PCC-IC 


TL/XX/0026-9 
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PCC-28 24 + .30 16.0 + .10 11. 5 ±.10 1.75 ±.10 2.0 ±.05 


Note 1: A 0 , B 0 and K 0 dimensions are measured 0.3 mm above the inside wall of the cavity bottom. 
Note 2: Tape with components shall pass around a mandril radius R without damage. 

Note 3: Cavity tape material shall be PVC conductive (less than 10 5 Ohms/Sq). 

Note 4: Cover tape material shall be polyester (30-65 grams peel-back force). 

Note 5: Di Dimension is centered within cavity. 

Note 6: All dimensions are in millimeters. 


REEL DIMENSIONS 



STARTm* Surface Mount Tape and Reel 











Short-Form Procurement Specifications (Continued) 



A (Max) 

B (Min) 

C 

D (Min) 

N (Min) 

G 

T (Max) 

12 mm Tape 

SO-8 (Narrow) 

(13.00) 

(330) 

.059 

1.5 

.51 2 ±.002 

13 + 0.05 

.795 

20.2 

1.969 

50 

0.488^;^ 

12 -4^ 

.724 

18.4 

16 mm Tape 

SO-14 (Narrow) 
SO-14 (Wide) 

SO- 16 (Narrow) 
SO-1 6 (Wide) 
PCC-20 

(13.00) 

(330) 

.059 

1.5 

.512± .002 

13±0.05 

.795 

20.2 

1.969 

50 

0.646!;™ 

16 - 4 !o 

.882 

22.4 

24 mm Tape 

SO-20 (Wide) 
SO-24 (Wide) 
PCC-28 

(13.00) 

(330) 

.059 

1.5 

.51 2 ±.002 

13±0.05 

.795 

20.2 

1.969 

50 

0.960 !ppg 

24.4 + 2 

1.197 

30.4 

32 mm Tape 

PCC-44 

(13.00) 

(330) 

.059 

1.5 

.51 2 ±.002 

13±0.05 

.795 

20.2 

1.969 

50 

1.276! ^ 

32 - 4 !p 

1.512 

38.4 


.. . Inches 

Un,ts: 777T — I — 
Millimeters 


Material: Paperboard (Non-Flaking) 


LABEL 

Human and Machine Readable Label is provided on reel. A 
variable (C.P.I) density code 39 is available. NSC STD label 
(7.6 C.P.I.) 


Wave Soldering of Surface 
Mount Components 

ABSTRACT 


FIELD 


Lot Number 
Date Code 
Revision Level 
National Part No. I.D. 
Qty. 

EXAMPLE 


LOT 

NUMBER 


0 

LOT: EPb313b3KQ27 

HP 


DATE 
S CODE 

D/C: flfibMM 

Util 


.REVISION 

/NUMBER 


NSPN:*rni7MHCQSI1 


-NATIONAL SEMICONDUCTOR PART NUMBER 


TL/XX/0026-11 

Fields are separated by at least one blank space. 

Future Tape-and-Reel packs will also include a smaller-size 
bar code label (high-density code 39) at the beginning of the 
tape. (This tape label is not available on current production.) 
National Semiconductor will also offer additional labels con- 
taining information per your specific specification. 


In facing the upcoming surge of “surface mount technolo- 
gy”, many manufacturers of printed circuit boards have tak- 
en steps to convert some portions of their boards to this 
new process. However, as the availability of surface mount 
components is still limited, may have taken to mixing the 
lead-inserted standard dual-in-line packages (DIPs) with the 
surface mounted devices (SMDs). Furthermore, to take ad- 
vantage of using both sides of the board, surface-mounted 
components are generally adhered to the bottom side of the 
board while the top side is reserved for the conventional 
lead-inserted packages. If processed through a wave solder 
machine, the semiconductor components are now subject- 
ed to extra thermal stresses (now that the components are 
totally immersed into the molten solder). 

A discussion of the effect of wave soldering on the reliability 
of plastic semiconductor packages follows. This is intended 
to highlight the limitations which should be understood in 
the use of wave soldering of surface mounted components. 

ROLE OF WAVE-SOLDERING IN 
APPLICATION OF SMDs 

The generally acceptable methods of soldering SMDs are 
vapor phase reflow soldering and IR reflow soldering, both 
requiring application of solder paste on PW boards prior to 
placement of the components. However, sentiment still ex- 
ists for retaining the use of the old wave-soldering machine. 
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Wave Soldering of Surface Mount Components (Continued) 


The reasons being: 

1) Most PC Board Assembly houses already possess wave 
soldering equipment. Switching to another technology 
such as vapor phase soldering requires substantial in- 
vestment in equipment and people. 

2) Due to the limited number of devices that are surface 
mount components, it is necessary to mix both lead in- 
serted components and surface mount components on 
the same board. 

3) Some components such as relays and switches are 
made of materials which would not be able to survive the 
temperature exposure in a vapor phase or IR furnace. 

PW BOARD ASSEMBLY PROCEDURES 

There are two considerations in which through-hole ICs may 
be combined with surface mount components on the PW 
Board: 

a) Whether to mount ICs on one or both sides of the board. 

b) The sequence of soldering using Vapor Phase, IR or 
Wave Soldering singly or combination of two or more 
methods. 

The various processes that may be employed are: 

A) Wave Solder before Vapor/ 1 R reflow solder. 

1 . Components on the same side of PW Board. 

Lead insert standard DIPS onto PW Board Wave 
solder (conventional) 

Wash and lead trim 
Dispense solder paste on SMD pads 
Pick and place SMDs onto PW Board 
Bake 

Vapor phase/IR reflow 
Clean 

2. Components on opposite side of PW Board. 

Lead insert standard DIPs onto PW Board 
Wave Solder (conventional) 

Clean and lead trim 
Invert PW Board 

Dispense solder paste on SMD pads 
Dispense drop of adhesive on SMD sites (optional 
for smaller components) 

Pick and place SMDs onto board 
Bake/Cure 

Invert board to rest on raised fixture 
Vapor/IR reflow soldering 
Clean 

B) Vapor/IR reflow solder then Wave Solder. 

1. Components on the same side of PW Board. 
Solder paste screened on SMD side of Printed 
Wire Board 
Pick and place SMDs 
Bake 

Vapor/IR reflow 

Lead insert on same side as SMDs 
Wave solder 

Clean and trim underside of PCB 


C) Vapor/IR reflow only. 

1. Components on the same side of PW Board. 

Trim and form standard DIPs in “gull wing” config- 
uration 

Solder paste screened on PW Board 
Pick and place SMDs and DIPs 
Bake 

Vapor/IR reflow 
Clean 

2. Components on opposite sides of PW Board. 
Solder paste screened on SMD-side of Printed 
Wire Board 

Adhesive dispensed at central location of each 

component 

Pick and place SMDs 

Bake 

Solder paste screened on all pads on DIP-side or 
alternatively apply solder rings (performs) on 
leads 

Lead insert DIPs 
Vapor/IR reflow 
Clean and lead trim 

D) Wave Soldering Only 

1 . Components on opposite sides of PW Board. 
Adhesive dispense on SMD side of PW Board 
Pick and place SMDs 
Cure adhesive 

Lead insert top side with DIPs 

Wave solder with SMDs down and into solder bath 

Clean and lead trim 

All of the above assembly procedures can be divided into 
three categories for I.C. Reliability considerations: 

1) Components are subjected to both a vapor phase/IR 
heat cycle then followed by a wave-solder heat cycle or 
vice versa. 

2) Components are subjected to only a vapor phase/IR 
heat cycle. 

3) Components are subjected to wave-soldering only and 
SMDs are subjected to heat by immersion into a solder 
pot. 

Of these three categories, the last is the most severe re- 
garding heat treatment to a semiconductor device. Howev- 
er, note that semiconductor molded packages generally 
possess a coating of solder on their leads as a final finish 
for solderability and protection of base leadframe material. 
Most semiconductor manufacturers solder-plate the compo- 
nent leads, while others perform hot solder dip. In the latter 
case the packages may be subjected to total immersion into 
a hot solder bath under controlled conditions (manual oper- 
ation) or be partially immersed while in a ‘pallet’ where auto- 
matic wave or DIP soldering processes are used. It is, there- 
fore, possible to subject SMDs to solder heat under certain 
conditions and not cause catastrophic failures. 
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Wave Soldering of Surface Mount Components (Continued) 


THERMAL CHARACTERISTICS OF EFFECT ON PACKAGE PERFORMANCE BY 

MOLDED INTEGRATED CIRCUITS EPOXY-METAL SEPARATION 


Since Plastic DIPs and SMDs are encapsulated with a ther- 
moset epoxy, the thermal characteristics of the material 
generally correspond to a TMA (Thermo-Mechanical Analy- 
sis) graph. The critical parameters are (a) its Linear thermal 
expansion characteristics and (b) its glass transition temper- 
ature after the epoxy has been fully cured. A typical TMA 
graph is illustrated in Figure 1. Note that the epoxy changes 
to a higher thermal expansion once it is subjected to tem- 
peratures exceeding its glass transition temperature. Metals 
(as used on lead frames, for example) do not have this char- 
acteristic and generally will have a consistent Linear thermal 
expansion over the same temperature range. 

In any good reliable plastic package, the choice of lead 
frame material should be such to match its thermal expan- 
sion properties to that of the encapsulating epoxy. In the 
event that there is a mismatch between the two, stresses 
can build up at the interface of the epoxy and metal. There 
now exists a tendency for the epoxy to separate from the 
metal lead frame in a manner similar to that observed on bi- 
metallic thermal range. 

In most cases when the packages are kept at temperatures 
below their glass transition, there is a small possibility of 
separation at the expoxy-metal interface. Howerver, if the 
package is subjected to temprature above its glass-tran- 
sition temperature, the epoxy will begin to expand much 
faster than the metal and the probability of separation is 
greatly increased. 

CONVENTIONAL WAVE-SOLDERING 

Most wave-soldering operations occur at temperatures be- 
tween 240-260°C. Conventional epoxies for encapsulation 
have glass-transition temperature between 140-170°C. An 
I.C. directly exposed to these temperatures risks its long 
term functionality due to epoxy/metal separation. 
Fortunately, there are factors that can reduce that element 
of risk: 

1) The PW board has a certain amount of heat-sink effect 
and tends to shield the components from the tempera- 
ture of the solder (if they were placed on the top side of 
the board). In actual measurements, DIPs achieve a tem- 
perature between 120-150°C in a 5-second pass over 
the solder. This accounts for the fact that DIPs mounted 
in the conventional manner are reliable. 

2) In conventional soldering, only the tip of each lead in a 
DIP would experience the solder temperature because 
the epoxy and die are standing above the PW board and 
out of the solder bath. 


In wave soldering, it is necessary to use fluxes to assist the 
solderability of the components and PW boards. Some facil- 
ities may even process the boards and components through 
some form of acid cleaning prior to the soldering tempera- 
ture. If separation occurs, the flux residues and acid resi- 
dues (which may be present owing to inadequate cleaning) 
will be forced into the package mainly by capillary action as 
the residues move away from the solder heat source. Once 
the package is cooled, these contaminants are now trapped 
within the package and are available to diffuse with moisture 
from the epoxy over time. It should be noted that electrical 
tests performed immediately after soldering generally will 
give no indication of this potential problem. In any case, the 
end result will be corrosion of the chip metallization over 
time and premature failure of the device in the field. 

VAPOR PHASE/IR REFLOW SOLDERING 

In both vapor phase and IR reflow soldering, the risk of 
separation between epoxy/metal can also be high. Operat- 
ing temperatures are 215°C (vapor phase) or 240°C (IR) and 
duration may also be longer (30 sec-60 sec). On the same 
theoretical basis, there should also be separation. However, 
in both these methods, solder paste is applied to the pads 
of the boards; no fluxes are used. Also, the devices are not 
immersed into the hot solder. This reduces the possibility of 
solder forcing itself into the epoxy-lead frame interface. Fur- 
thermore, in the vapor phase system, the soldering environ- 
ment is “oxygen-free” and considered “contaminant free”. 
Being so, it could be visualized that as far as reliability with 
respect to corrosion, both of these methods are advanta- 
geous over wave soldering. 

BIAS MOISTURE TEST 

A bias moisture test was designed to determine the effect 
on package performance. In this test, the packages are 
pressured in a stream chamber to accelerate penetration of 
moisture into the package. An electrical bias is applied on 
the device. Should there be any contaminants trapped with- 
in the package, the moisture will quickly form an electrolyte 
and cause the electrodes (which are the lead fingers), the 
gold wire and the aluminum bond-pads of the silicon device 
to corrode. The aluminum bond-pads, being the weakest 
link of the system, will generally be the first to fail. 

This proprietary accelerated bias/ moisture pressure-test is 
significant in relation to the life test condition at 85°C and 
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FIGURE 1. Thermal Expansion and Glass Transition Temperature 
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Wave Soldering of Surface Mount Components (Continued) 


85% relative humidity. Once cycle of approximately 100 
hours has been shown to be equivalent to 2000 hours in the 
85/85 condition. Should the packages start to fail within the 
first cycle in the test, it is anticipated that the boards with 
these components in the harsh operating environment 
(85°C/85% RH) will experience corrosion and eventual 
electrical failures within its first 2000 hours of operation. 
Whether this is significant to a circuit board manufacturer 
will obviously be dependent on the products being manufac- 
tured and the workmanship or reliability standards. General- 
ly in systems with a long warranty and containing many 
components, it is advisable both on a reputation and cost 
basis to have the most reliable parts available. 

TEST RESULTS 

The comparison of vapor phase and wave-soldering upon 
the reliability of molded Small-Outline packages was per- 
formed using the bias moisture test (see Table IV). It is 
clearly seen that vapor phase reflow soldering gave more 
consistent results. Wave-soldering results were based on 
manual operation giving variations in soldering parameters 
such as temperature and duration. 

TABLE IV. Vapor Phase vs. Wave Solder 

1 . Vapor phase (60 sec. exposure @ 21 5°C) 

= 9 failures/ 1723 samples 

= 0.5% (average over 32 sample lots) 

2. Wave solder (2 sec total immersion @ 260°C) 

= 16 failures/ 1201 samples 

= 1.3% (average over 27 sample lots) 

Package: SO-14lead 

Test: Bias moisture test 85% R.H., 

85°C for 2000 hours 
Device: LM324M 


In Table V we examine the tolerance of the Small-Outlined 
(SOIC) package to varying immersion time in a hot solder 
pot. SO-14 lead molded packages were subjected to the 
bias moisture test after being treated to the various solder- 
ing conditions and repeated four (4) times. End point was an 
electrical test after an equivalent of 4000 hours 85/85 test. 
Results were compared for packages by itself against pack- 
ages which were surface-mounted onto a FR-4 printed wire 
board. 


TABLE V. Summary of Wave Solder Results 
(85% R.H./85°C Bias Moisture Test, 2000 hours) 
(# Failures/Total Tested) 



Unmounted 

Mounted 

Control/Vapor Phase 

15 sec @ 215°C 

0/114 

0/84 

Solder Dip 

2 sec @ 260° C 

2/144 (1.4%) 

0/85 

Solder Dip 

4 sec @ 260°C 

— 

0/83 

Solder Dip 

6 sec @ 260°C 

13/248 (5.2%) 

1/76 (1.3%) 

Solder Dip 

1 0 sec @ 260°C 

14/127 (11.0%) 

3/79 (3.8%) 

Package: SO-14 lead 

Device: LM324M 


Since the package is of very small mass and experiences a 
rather sharp thermal shock followed by stresses created by 
the mismatch in expansion, the results show the package 
being susceptible to failures after being immersed in excess 
of 6 seconds in a solder pot. In the second case where the 
packages were mounted, the effect of severe temperature 
excursion was reduced. In the second case where the pack- 
ages were mounted, the effect of severe temperature excur- 
sion was reduced. In any case, because of the repeated 
treatment, the package had failures when subjected in ex- 
cess of 6 seconds immersion in hot solder. The safety mar- 
gin is therefore recommended as maximum 4 seconds im- 
mersion. If packages were immersed longer than 4 sec- 
onds, there is a probable chance of finding some long term 
reliability failures even though the immediate electrical test 
data could be acceptable. 

Finally, Table VI examines the bias moisture test performed 
on surface mount (SOIC) components manufactured by var- 
ious semiconductor houses. End point was an electrical test 
after an equivalent of 6000 hours in a 85/85 test. Failures 
were analyzed and corrosion was checked for in each case 
to detect flaws in package integrity. 


TABLE VI. U.S. Manufacturers Integrated Circuits 
Reliability in Various Solder Environments 
(# Failure/Total Tested) 


Package 

SO-8 

Vapor 

Phase 

30 sec 

Wave 

Solder 

2 sec 

Wave 

Solder 

4 sec 

Wave 

Solder 

6 sec 

Wave 

Solder 

10 sec 

Manuf A 

8/30* 

1/30* 

0.30 

o 

CO 

CM 

16/30* 

Manuf B 

2/30* 

8/30* 

2/30* 

22/30* 

20/30* 

Manuf C 

0/30 

0/29 

0/29 

0/30 

0/30 

Manuf D 

1/30* 

0/30 

12/30* 

14/30* 

* 

o 

CO 

's 

CM 

Manuf E 

1/30** 

0/30 

0/30 

0/30 

0/30 

Manuf F 

0/30 

0/30 

0/30 

0/30 

0/30 

Manuf G 

0/30 

0/30 

0/30 

0/30 

0/30 


•Corrosion-failures 

**No Visual Defects — Non-corrosion failures 
Test: Accelerated Bias Moisture Test; 85% R.H./85°C, 6000 equivalent 
hours. 

SUMMARY 

Based on the results presented, it is noted that surface- 
mounted components are as reliable as standard molded 
DIP packages. Whereas DIPs were never processed by be- 
ing totally immersed in a hot solder wave during printed cir- 
cuit board soldering, surface mounted components such as 
SOICs (Small Outline) are expected to survive a total immer- 
sion in the hot solder in order to capitalize on maximum 
population on boards. Being constructed from a thermoset 
plastic of relatively low Tg compared to the soldering tem- 
perature, the ability of the package to survive is dependent 
on the time of immersion and also the cleanliness of materi- 
al. The results indicate that one should limit the immersion 
time of package in the solder wave to a maximum of 4 sec- 
onds in order to truly duplicate the reliability of a DIP. As the 
package size is reduced, as in a SO-8 lead, the requirement 
becomes even more critical. This is shown by the various 
manufacturers’ performance. Results indicate there is room 
for improvement since not all survived the hot solder immer- 
sion without compromise to lower reliability. 
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Small Outline (SO) Package Surface Mounting Methods — 
Parameters and Their Effect on Product Reliability 


The SO (small outline) package has been developed to 
meet customer demand for ever-increasing miniaturization 
and component density. 

COMPONENT SIZE COMPARISON 

S.O. Package 

riHHHHHHHHHHHh 

I 1 

i i 

l I 



TYPICALLY 0.050" LEADSPACING 

TL/XX/0026-13 


Standard DIP Package 



Because of its small size, reliability of the product assem- 
bled in SO packages needs to be carefully evaluated. 

SO packages at National were internally qualified for pro- 
duction under the condition that they be of comparable reli- 
ability performance to a standard dual in line package under 
all accelerated environmental tests. Figure A is a summary 
of accelarated bias moisture test performance on 30V bipo- 
lar and 15V CMOS product assembled in SO and DIP (con- 
trol) packages. 



TEST TIME (HRS) 

TL/XX/0026-15 

FIGURE A 


In order to achieve reliability performance comparable to 
DIPs— SO packages are designed and built with materials 
and processes that effectively compensate for their small 
size. 

All SO packages tested on 85%RA, 85°C were assembled 
on PC conversion boards using vapor-phase reflow solder- 
ing. With this approach we are able to measure the effect of 
surface mounting methods on reliability of the process. As 
illustrated in Figure A no significant difference was detected 
between the long term reliability performance of surface 
mounted S.O. packages and the DIP control product for up 
to 6000 hours of accelerated 85%/85°C testing. 

SURFACE-MOUNT PROCESS FLOW 

The standard process flowcharts for basic surface-mount 
operation and mixed-lead insertion/surface-mount opera- 
tions, are illustrated on the following pages. 

Usual variations encountered by users of SO packages are: 

• Single-sided boards, surface-mounted components only. 

• Single-sided boards, mixed-lead inserted and surface- 
mounted components. 

• Double-sided boards, surface-mounted components only. 

• Double-sided boards, mixed-lead inserted and surface- 
mounted components. 

In consideration of these variations, it became necessary for 
users to utilize techniques involving wave soldering and ad- 
hesive applications, along with the commonly-used vapor- 
phase solder reflow soldering technique. 

PRODUCTION FLOW 

Basic Surface-Mount Production Flow 
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Surface Mount 


Mixed Surface-Mount and Axial-Leaded Insertion 
Components Production Flow 
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Thermal stress of the packages during surface-mounting 
processing is more severe than during standard DIP PC 
board mounting processes. Figure B illustrates package 
temperature versus wave soldering dwell time for surface 
mounted packages (components are immersed into the 
molten solder) and the standard DIP wave soldering pro- 
cess. (Only leads of the package are immersed into the mol- 
ten solder). 



DWELL TIME 
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FIGURE B 

For an ideal package, the thermal expansion rate of the 
encapsulant should match that of the leadframe material in 
order for the package to maintain mechanical integrity dur- 
ing the soldering process. Unfortunately, a perfect matchup 
of thermal expansion rates with most presently used pack- 
aging materials is scarce. The problem lies primarily with the 
epoxy compound. 

Normally, thermal expansion rates for epoxy encapsulant 
and metal lead frame materials are linear and remain fairly 
close at temperatures approaching 1 60°C, Figure C. At low- 
er temperatures the difference in expansion rate of the two 
materials is not great enough to cause interface separation. 
However, when the package reaches the glass-transition 
temperature (T g ) of epoxy (typically 160-165°C), the ther- 
mal expansion rate of the encapsulant increases sharply, 
and the material undergoes a transition into a plastic state. 
The epoxy begins to expand at a rate three times or more 
greater than the metal leadframe, causing a separation at 
the interface. 
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When this happens during a conventional wave soldering 
process using flux and acid cleaners, process residues and 
even solder can enter the cavity created by the separation 
and become entrapped when the material cools. These 
contaminants can eventually diffuse into the interior of the 
package, especially in the presence of moisture. The result 
is die contamination, excessive leakage, and even cata- 
strophic failure. Unfortunately, electrical tests performed im- 
mediately following soldering may not detect potential flaws. 
Most soldering processes involve temperatures ranging up 
to 260°C, which far exceeds the glass-transition tempera- 
ture of epoxy. Clearly, circuit boards containing SMD pack- 
ages require tighter process controls than those used for 
boards populated solely by DIPs. 

Figure D is a summary of accelerated bias moisture test 
performance on the 30V bipolar process. 

Group 1 — Standard DIP package 
Group 2 — SO packages vapor-phase reflow soldered on 
PC boards 

Group 3-6 SO packages wave soldered on PC boards 
Group 3 — dwell time 2 seconds 

4 — dwell time 4 seconds 

5 — dwell time 6 seconds 

6 — dwell time 10 seconds 



TEST TIME (HRS) 
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FIGURE D 

It is clear based on the data presented that SO packages 
soldered onto PC boards with the vapor phase reflow pro- 
cess have the best long term bias moisture performance 
and this is comparable to the performance of standard DIP 
packages. The key advantage of reflow soldering methods 
is the clean environment that minimized the potential for 
contamination of surface mounted packages, and is pre- 
ferred for the surface-mount process. 

When wave soldering is used to surface mount components 
on the board, the dwell time of the component under molten 
solder should be no more than 4 seconds, preferrably under 
2 seconds in order to prevent damage to the component. 
Non-Halide, or (organic acid) fluxes are highly recommend- 
ed. 

PICK AND PLACE 

The choice of automatic (all generally programmable) pick- 
and-place machines to handle surface mounting has grown 
considerably, and their selection is based on individual 
needs and degree of sophistication. 


The basic component-placement systems available are 
classified as: 

(a) In-line placement 

— Fixed placement stations 

— Boards indexed under head and respective compo- 
nents placed 

(b) Sequential placement 

— Either a X-Y moving table system or a 0, X-Y moving 
pickup system used 

— Individual components picked and placed onto boards 

(c) Simultaneous placement 
— Multiple pickup heads 

— Whole array of components placed onto the PCB at 
the same time 

(d) Sequential/simultaneous placement 

— X-Y moving table, multiple pickup heads system 
— Components placed on PCB by successive or simul- 
taneous actuation of pickup heads 
The SO package is treated almost the same as surface- 
mount, passive components requiring correct orientation in 
placement on the board. 

Pick and Place Action 
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BAKE 

This is recommended, despite claims made by some solder 

paste suppliers that this step be omitted. 

The functions of this step are: 

• Holds down the solder globules during subsequent reflow 
soldering process and prevents expulsion of small solder 
balls. 

• Acts as an adhesive to hold the components in place dur- 
ing handling between placement to reflow soldering. 

• Holds components in position when a double-sided sur- 
face-mounted board is held upside down going into a va- 
por-phase reflow soldering operation. 

• Removes solvents which might otherwise contaminate 

other equipment. !• 

• Initiates activator cleaning of surfaces to be soldered. 

• Prevents moisture absorption. 
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Surface Mount 


The process is moreover very simple. The usual schedule is 
about 20 minutes in a 65°C-95°C (dependent on solvent 
system of solder paste) oven with adequate venting. Longer 
bake time is not recommended due to the following rea- 
sons: 

• The flux will degrade and affect the characteristics of the 
paste. 

• Solder globules will begin to oxidize and cause solderabili- 
ty problems. 

• The paste will creep and after reflow, may leave behind 
residues between traces which are difficult to remove and 
vulnerable to electro-migration problems. 

REFLOW SOLDERING 

There are various methods for reflowing the solder paste, 
namely: 

• Hot air reflow 

• Infrared heating (furnaces) 

• Convectional oven heating 

• Vapor-phase reflow soldering 

• Laser soldering 

For SO applications, hot air reflow/infrared furnace may be 
used for low-volume production or prototype work, but va- 
por-phase soldering reflow is more efficient for consistency 
and speed. Oven heating is not recommended because of 
“hot spots” in the oven and uneven melting may result. La- 
ser soldering is more for specialized applications and re- 
quires a great amount of investment. 

HOT GAS REFLOW/INFRARED HEATING 

A hand-held or table-mount air blower (with appropriate ori- 
fice mask) can be used. 

The boards are preheated to about 1 00°C and then subject- 
ed to an air jet at about 260°C. This is a slow process and 
results may be inconsistent due to various heat-sink proper- 
ties of passive components. 

Use of an infrared furnace is the next step to automating the 
concept, except that the heating is promoted by use of IR 
lamps or panels. The main objection to this method is that 
certain materials may heat up at different rates under IR 
radiation and may result in damage to these components 
(usually sockets and connectors). This could be minimized 
by using far-infrared (non-focused) system. 

VAPOR-PHASE REFLOW SOLDERING 

Currently the most popular and consistent method, vapor- 
phase soldering utilizes a fluoroinert fluid with excellent 
heat-transfer properties to heat up components until the sol- 
der paste reflows. The maximum temperature is limited by 
the vapor temperature of the fluid. 

The commonly used fluids (supplied by 3M Corp) are: 

• FC-70, 215°C vapor (most applications) or FX-38 

• FC-71, 253°C vapor (low-lead or tin-plate) 

HTC, Concord, CA, manufactures equipment that utilizes 
this technique, with two options: 

• Batch systems, where boards are lowered in a basket and 
subjected to the vapor from a tank of boiling fluid. 

• In-line conveyorized systems, where boards are placed 
onto a continuous belt which transports them into a con- 
cealed tank where they are subjected to an environment 
of hot vapor. 

Dwell time in the vapor is generally on the order of 15-30 
seconds (depending on the mass of the boards and the 
loading density of boards on the belt). 


In-Line Conveyorized Vapor-Phase Soldering 

CONDENSATION 



The question of thermal shock is asked frequently because 
of the relatively sharp increase in component temperature 
from room temperature to 215°C. SO packages mounted on 
representative boards have been tested and have shown 
little effect on the integrity of the packages. Various pack- 
ages, such as cerdips, metal cans and TO-5 cans with glass 
seals, have also been tested. 


Vapor-Phase Furnace 
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Batch-Fed Production Vapor-Phase Soldering Unit 

SECONDARY 



8-16 



Solder Joints on a SO-14 Package on PCB 
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PRINTED CIRCUIT BOARD 

The SO package is molded out of clean, thermoset plastic 
compound and has no particular compatibility problems with 
most printed circuit board substrates. 

The package can be reliably mounted onto substrates such 
as: 

• G10 or FR4 glass/resin 

• FR5 glass/resin systems for high-temperature 
applications 

• Polymide boards, also high-temperature 
applications 

• Ceramic substrates 

General requirements for printed circuit boards are: 

• Mounting pads should be solder-plated whenever 
applicable. 

• Solder masks are commonly used to prevent solder bridg- 
ing of fine lines during soldering. 

The mask also protects circuits from processing chemical 
contamination and corrosion. 

If coated over pre-tinned traces, residues may accumulate 
at the mask/trace interface during subsequent reflow, 
leading to possible reliability failures. 

Recommended application of solder resist on bare, clean 
traces prior to coating exposed areas with solder. 

General requirements for solder mask: 

— Good pattern resolution. 

— Complete coverage of circuit lines and resistance to 
flaking during soldering. 

— Adhesion should be excellent on substrate material to 
keep off moisture and chemicals. 

— Compatible with soldering and cleaning requirements. 
SOLDER PASTE SCREEN PRINTING 

With the initial choice of printed circuit lithographic design 
and substrate material, the first step in surface mounting is 
the application of solder paste. 


Solder Joints on a SO-14 Package on PCB 
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The typical lithographic “footprints” for SO packages are 
illustrated below. Note that the 0.050" lead center-center 
spacing is not easily managed by commercially-available air 
pressure, hand-held dispensers. 

Using a stainless-steel, wire-mesh screen stencilled with an 
emulsion image of the substrate pads is by far the most 
common and well-tried method. The paste is forced through 
the screen by a V-shaped plastic squeegee in a sweeping 
manner onto the board placed beneath the screen. 

The setup for SO packages has no special requirement 
from that required by other surface-mounted, passive com- 
ponents. Recommended working specifications are: 

•Use stainless-steel, wire-mesh screens, #80 or #120, 
wire diameter 2.6 mils. Rule of thumb: mesh opening 
should be approximately 2.5-5 times larger than the aver- 
age particle size of paste material. 

• Use squeegee of Durometer 70. 

• Experimentation with squeegee travel speed is recom- 
mended, if available on machine used. 

• Use solder paste of mesh 200-325. 

• Emulsion thickness of 0.005" usually used to achieve a 
solder paste thickness (wet) of about 0.008" typical. 

• Mesh pattern should be 90 degrees, square grid. 

• Snap-off height of screen should not exceed %" , to avoid 
damage to screens and minimize distortion. 

SOLDER PASTE 

Selection of solder paste tends to be confusing, due to nu- 
merous formulations available from various manufacturers. 
In general, the following guidelines are sufficient to qualify a 
particular paste for production: 

• Particle sizes (see photographs below). Mesh 325 (ap- 
proximately 45 microns) should be used for general pur- 
poses, while larger (solder globules) particles are pre- 
ferred for leadless components (LCC). The larger particles 
can easily be used for SO packages. 
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• Uniform particle distribution. Solder globules should be 
spherical in shape with uniform diameters and minimum 
amount of elongation (visual under 100/200 x magnifica- 
tion). Uneven distribution causes uneven melting and sub- 
sequent expulsion of smaller solder balls away from their 
proper sites. 

RECOMMENDED SOLDER PADS FOR SO PACKAGES 
SO-8, SO-14, SO-16 

0.045" ±0.005" 

■■■■ 

0.245" 0.160" 

MIN ±0.005" 

j ■ ■ ■ J 

0.030" ±0.005" — |-« — — |-« — 0.050" TYP 
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SOT-23 

0.030" ±0.005" — 

PI_L 

0.120" MIN _Jo.035"l_ 0 060" 

^ \ TYP ±0.005" 


» Composition, generally 60/40 or 63/37 Sn/Pb. Use 62/36 
Sn/Pb with 2% Ag in the presence of Au on the soldering 
area. This formulation reduces problems of metal leaching 
from soldering pads. 

> RMA flux system usually used. 

> Use paste with aproximately 88-90% solids. 


SO-16L, SO-20 




■ III 

J I — l I- 


Comparison of Particle Size/Shape of Various Solder Pastes 


200 X Alpha (62/36/2) 


200 X Kester (63/37) 




M~1 ms 78 888 ms 
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CLEANING 

The most critical process in surface mounting SO packages 
is in the cleaning cycle. The package is mounted very close 
to the surface of the substrate and has a tendency to collect 
residue left behind after reflow soldering. 

Important considerations in cleaning are: 

• Time between soldering and cleaning to be as short as 
possible. Residue should not be allowed to solidify on the 
substrate for long periods of time, making it difficult to 
dislodge. 

• A low surface tension solvent (high penetration) should be 
employed. Solvents commercially available are: 

Freon TMS (general purpose) 

Freon TE35/TP35 (cold-dip cleaning) 

Freon TES (general purpose) 

It should also be noted that these solvents generally will 
leave the substrate surface hydrophobic (moisture repel- 
lent), which is desirable. 

Prelete or 1,1,1-Trichloroethane 
Kester 5120/5121 

• A defluxer system which allows the workpiece to be sub- 
jected to a solvent vapor, followed by a rinse in pure sol- 
vent and a high-pressure spray lance are the basic requir- 
ments for low-volume production. 

• For volume production, a conveyorized, multiple hot sol- 
vent spray /jet system is recommended. 

• Rosin, being a natural occurring material, is not readily 
soluble in solvents, and has long been a stumbling block 
to the cleaning process. In recent developments, synthet- 
ic flux (SA flux), which is readily soluble in Freon TMS 
solvent, has been developed. This should be explored 
where permissible. 

The dangers of an inadequate cleaning cycle are: 

• Ion contamination, where ionic residue left on boards 
would cause corrosion to metallic components, affecting 
the performance of the board. 

• Electro-migration, where ionic residue and moisture pres- 
ent on electrically-biased boards would cause dentritic 
growth between close spacing traces on the substrate, 
resulting in failures (shorts). 

REWORK 

Should there be a need to replace a component or re-align 
a previously disturbed component, a hot air system with ap- 
propriate orifice masking to protect surrounding compo- 
nents may be used. 

When rework is necessary in the field, specially-designed 
tweezers that thermally heat the component may be used to 
remove it from its site. The replacement can be fluxed at the 


Hot-Air Solder Rework Station 



Hot-Air Rework Machine 
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lead tips or, if necessary, solder paste can be dispensed 
onto the pads using a varimeter. After being placed into 
position, the solder is reflowed by a hot-air jet or even a 
standard soldering iron. 

WAVE SOLDERING 

In a case where lead insertions are made on the same 
board as surface-mounted components, there is a need to 
include a wave-soldering operation in the process flow. 

Two options are used: 

• Surface mounted components are placed and vapor 
phase reflowed before auto-insertion of remaining compo- 
nents. The board is carried over a standard wave-solder 
system and the underside of the board (only lead-inserted 
leads) soldered. 

• Surface-mounted components are placed in position, but 
no solder paste is used. Instead, a drop of adhesive about 
5 mils maximum in height with diameter not exceeding 
25% width of the package is used to hold down the pack- 
age. The adhesive is cured and then proceeded to auto- 
insertion on the reverse side of the board (surface-mount- 
ed side facing down). The assembly is then passed over a 
“dual wave” soldering system. Note that the surface- 
mounted components are immersed into the molten sol- 
der. 

Lead trimming will pose a problem after soldering in the 
latter case, unless the leads of the insertion components 
are pre-trimmed or the board specially designed to localize 
certain areas for easy access to the trim blade. 

The controls required for wave soldering are: 

• Solder temperature to be 240-260°C. The dwell time of 
components under molten solder to be short (preferably 
kept under 2 seconds), to prevent damage to most com- 
ponents and semiconductor devices. 

• RMA (Rosin Mildly Activated) flux or more aggressive OA 
(Organic Acid) flux are applied by either dipping or foam 
fluxing on boards prior to preheat and soldering. Cleaning 
procedures are also more difficult (aqueous, when OA flux 
is used), as the entire board has been treated by flux (un- 
like solder paste, which is more or less localized). Non- 
halide OA fluxes are highly recommended. 

• Preheating of boards is essential to reduce thermal shock 
on components. Board should reach a temperature of 
about 1 00°C just before entering the solder wave. 

• Due to the closer lead spacings (0.050" vs 0.100" for 
dual-in-line packages), bridging of traces by solder could 
occur. The reduced clearance between packages also 
causes “shadowing” of some areas, resulting in poor sol- 
der coverage. This is minimized by dual-wave solder sys- 
tems. 
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Mixed Surface Mount and Lead Insertion 


ADHESIVE 



(a) Same Side (b) Opposite Sides 
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A typical dual-wave system is illustrated below, showing the 
various stages employed. The first wave typically is in turbu- 
lence and given a transverse motion (across the motion of 
the board). This covers areas where “shadowing” occurs. A 
second wave (usually a broad wave) then proceeds to per- 
form the standard soldering. The departing edge from the 
solder is such to reduce “icicles,” and is still further reduced 
by an air knife placed close to the final soldering step. This 
air knife will blow off excess solder (still in the fluid stage) 
which would otherwise cause shorts (bridging) and solder 
bumps. 

AQUEOUS CLEANING 

• For volume production, a conveyorized system is often 
used with a heated recirculating spray wash (water tem- 
perature 130°C), a final spray rinse (water temperature 
45-55°C), and a hot (120°C) air/air-knife drying section. 

• For low-volume production, the above cleaning can be 
done manually, using several water rinses/tanks. Fast- 
drying solvents, like alcohols that are miscible with water, 
are sometimes used to help the drying process. 

• Neutralizing agents which will react with the corrosive ma- 
terials in the flux and produce material readily soluble in 
water may be used; the choice depends on the type of flux 
used. 

• Final rinse water should be free from chemicals which are 
introduced to maintain the biological purity of the water. 
These materials, mostly chlorides, are detrimental to the 
assemblies cleaned because they introduce a fresh 
amount of ionizable material. 


Dual Wave 
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CONFORMAL COATING 

Conformal coating is recommended for high-reliability PCBs 

to provide insulation resistance, as well as protection 

against contamination and degradation by moisture. 

Requirements: 

• Complete coating over components and solder joints. 

• Thixotropic material which will not flow under the pack- 
ages or fill voids, otherwise will introduce stress on solder 
joints on expansion. 

• Compatibility and possess excellent adhesion with PCB 
material/components. 

• Silicones are recommended where permissible in 
application. 
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SMD Lab Support 

FUNCTIONS 

Demonstration — Introduce first-time users to surface- 
mounting processes. 

Service — Investigate problems experienced by users on 
surface mounting. 

Reliability Builds — Assemble surface-mounted units for re- 
liability data acquisition. 


Techniques — Develop techniques for handling different 
materials and processes in surface mounting. 

Equipment — In conjunction with equipment manufacturers, 
develop customized equipments to handle high density, 
new technology packages developed by National. 

In-House Expertise — Availability of in-house expertise on 
semiconductor research/development to assist users on 
packaging queries. 
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Appendix A 

General Product Marking & Code Explanation 


LF 356 N /A+ 

"T— RELIABILITY PROGRAM (OPTIONAL) 

(REFER TO PROGRAM) 

L- PACKAGE TYPE (SEE BELOW) 

I— DEVICE NUMBER (GENERIC TYPE) AND 
SUFFIX LETTER (OPTIONAL) 

A: INPROVED ELECTRICAL SPECIFICATION 
C: COMMERCIAL TEMPERATURE RANGE 
(2ND SOURCE PRODUCTS) 

— DEVICE FAMILY (SEE BELOW) 

TL/XX/0027-1 


Device Family 

Integrated Circuits (IC’s) 


ADC 

Data Conversion 

AF 

Active Filter 

AH 

Analog Switch (Hybrid) 

AM 

Analog Switch (Monolithic) 

DAC 

Data Conversion 

DM 

Digital (Monolithic) 

HS 

Hybrid 

LF 

Linear (Bifet) 

LH 

Linear (Hybrid) 

LM 

Linear (Monolithic) 

LMC 

Linear CMOS 

LP 

Linear (Low Power) 

MF 

Linear (Monolithic Filter) 

SL 

Special Linear 

LMF 

Linear Monolithic Filter 


Package Type* 

IC’s Only 


D 

Glass/Metal DIP 

E 

Ceramic Leadless Chip Carrier (LCC) 

F 

Glass/Metal Flat Pak (%" x %") 

G 

12 Lead TO-8 M/C 

H 

Multi-Lead M/C 

H-05 

4 Lead M/C (TO-5) 1 Shipped with 

H-46 

4 Lead M/C (TO-46) J Thermal Shield 

J 

Lo-Temp Ceramic DIP (Sometimes referred to as 
the “Fit-Seal” Package). 

J-8 

8 Lead Ceramic DIP (“MiniDIP”) 

J-14 

1 4 Lead Ceramic DIP (-1 4 used only when 
product is also available in -8 pkg). 

K 

TO-3 M/C in Steel, except LM309K 
which is shipped in Aluminum 

KC 

TO-3 M/C (Aluminum) 

K Steel 

TO-3 M/C (Steel) 

M 

Small Outline Package 

N 

Molded DIP (EPOXY B) 

N-01 

Molded DIP (Epoxy B) with Staggered Leads 

N-8 

8 Lead Molded DIP (Epoxy B) (“Mini-DIP”) 

N-14 

14 Lead Molded DIP (Epoxy B) 

(-1 4 used only when product is also 
available in -8 pkg). 

P 

3 Lead TO-202 PWR Pkg 

Q 

Cerdip with UV Window 

T 

3,5,1 1 ,15 & 23 Lead TO-220 PWR Pkg (Epoxy B) 

V 

Multi-lead Plastic Chip Carrier (PCC) 

W 

Lo-Temp Ceramic Flat Pak 

WM 

Wide Body Small Outline Package 


DATE CODE 
NON-MILITARY 

2ND DIGIT- CALENDAR YEAR 
3RD&4TH DIGITS -CALENDAR WORK WEEK 


MILITARY- 883B & M38510 

1ST&2ND DIGITS -CALENDAR YEAR 
3RD&4TH DIGITS -CALENDAR WORK WEEK 
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Appendix B Application Note Referenced by Part Number 


JFjWJk National 

/a/A Semiconductor D 

AA I corporation Appendix B 


APPLICATION NOTE REFERENCED BY PART NUMBER 


National Semiconductor Linear Application notes are normally written to explain 
the operation and use of a particular device or family of IC’s, or to present alterna- 
tive technical solutions. The following PART NUMBER index references the pub- 
lished application notes that would offer application assistance for those specific 
IC’s. 

The 1986 Linear Applications Handbook is a complete text for all current Applica- 
tion Notes for both Monolithic and Hybrid products. Specific Application Notes are 
available upon request through National Semiconductor Sales Offices. 


DEVICE NUMBER APPLICATION NOTE 

ADCXXXX AN-156 

ADC80 AN-360 

ADC0801 AN-233, AN-271 , AN-274, AN-280, AN-281, AN-294, LB-53 

ADC0802 AN-233, AN-274, AN-280, AN-281 , LB-53 

ADC0803 AN-233, AN-274, AN-280, AN-281, LB-53 

ADC0804 AN-233, AN-274, AN-276, AN-280, AN-281 , LB-53 

ADC0805 AN-233, AN-274, AN-280, AN-281 , LB-53 

ADC0808 AN-247, AN-280, AN-281 

ADC0809 AN-247, AN-280 

ADC0816 AN-193, AN-247, AN-258, AN-280 

ADC0817 AN-247, AN-258, AN-280 

ADC0820 AN-237 

ADC0831 AN-280, AN-281 

ADC0832 AN-280, AN-281 

ADC0833 AN-280, AN-281 

ADC0834 AN-280, AN-281 

ADC0838 AN-280, AN-281 

ADC1001 AN-276, AN-280, AN-281 

ADC1005 AN-280 

ADC1210 AN-245 

ADC3501 AN-200, AN-202 

ADC3511 AN-200 

ADC3701 AN-200 

ADC3711 AN-200 

AH0014 AN-38 

AH0019 AN-38 

CD4016 AB-10 

DACXXXX AN-156 

DAC0830 AN-284 

DAC0831 AN-271, AN-284 

DAC0832 AN-271, AN-284 

DAC1000 AN-271, AN-275, AN-277, AN-284 

DAC1 001 AN-271 , AN-275, AN-277, AN-284 

DAC1 002 AN-271 , AN-275, AN-277, AN-284 

DAC1 006 AN-271 , AN-275, AN-277, AN-284 

DAC1007 AN-271, AN-275, AN-277, AN-284 
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DEVICE NUMBER APPLICATION NOTE 

DAC1008 AN-271, AN-275, AN-277, AN-284 

DAC1020 AN-263, AN-269, AN-293, AN-294, AN-299 

D AC 1021 AN-269 

DAC1022 AN-269 

DAC1208 AN-271, AN-284 

DAC1209 AN-271, AN-284 

DAC1210 AN-271 , AN-284 

DAC1218 AN-293 

DAC1220 AN-253, AN-269 

DAC1221 AN-269 

DAC1222 AN-269 

DAC1230 AN-284 

DAC1231 AN-271, AN-284 

DAC1232 AN-271, AN-284 

DAC1280 AN-261, AN-263 

DH0034 AN-253 

DH0035 AN-49 

DS8606 AN-381, AN-382 

DS8608 AN-382 

DTI 058 AN-287 

DTI 060 AN-287 

DTSW250E2 AN-287 

DTSW250GI AN-287 

INS8070 AN-260 

LF111 LB-39 

LF155 AN-263, AN-447 

LF198 AN-245, AN-294 

LF311 AN-301 

LF347 AN-256, AN-262, AN-263, AN-265, AN-266, AN-301, AN-344, AN-447 

LF351 AN-242, AN-263, AN-266, AN-271 , AN-275, AN-293, AN-447, Appendix C 

LF351A AN-240 

LF351B Appendix D 

LF353 AN-256, AN-258, AN-263, AN-264, AN-271, AN-285, AN-293, AN-447, LB-44, Appendix D 

LF356 AN-253, AN-258, AN-260, AN-263, AN-266, AN-271 , AN-272, 

AN-275, AN-293, AN-294, AN-295, AN-301, AN-447 

LF357 AN-263, AN-447, LB-42 

LF398 AN-247, AN-258, AN-266, AN-294, AN-298, LB-45 

LF400 AN-428, AN-447 

LF41 1 AN-294, AN-301 , AN-344, AN-447 

LF412 AN-272, AN-299, AN-301, AN-344, AN-447 

LF441 AN-301, AN-447 

LF13006 AN-344 

LF13007 AN-344 

LF13331 AN-294, AN-447 

LF13508 AN-289, AN-360, AN-447 

LF13509 AN-289, AN-295, AN-447 

LH0002 AN-13, AN-63, AN-227, AN-244, AN-263, AN-272, AN-301 

LH0022 AN-63, AN-75 

LH0023 AN-245, AN-360 

LH0024 AN-253 

LH0032 AN-242, AN-244, AN-253 

LH0033 AN-48, AN-1 1 5, AN-227, AN-253 

LH0042 AN-63 
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Appendix B Application Note Referenced by Part Number 


DEVICE NUMBER APPLICATION NOTE 

LH0043 AN-245 

LH0052 AN-63 

LH0053 AN-245 

LH0062 AN-75 

LH0063 AN-227 

LH0070 AN-301 

LH0071 AN-245 

LH0082 AN-244, AN-266 

LH0086 AN-245, AN-360 

LH0091 AN-180 

LH0094 AN-301 

LH0101 AN-261 

LH1605 AN-343 

LM10 AN-21 1 , AN-247, AN-258, AN-271 , AN-288, AN-299, AN-300 

LM1 1 AN-241 , AN-242, AN-260, AN-266, AN-271 

LM12 AN-446 

LM101 AN-4, AN-13, AN-20, AN-24, AN-75, LB-42, Appendix A 

LM1 01 A AN-29, AN-30, AN-31 , AN-79, AN-241 , LB-1 , LB-2, LB-4, LB-8, 

LB-14, LB-16, LB-19, LB-28 

LM1 02 AN-4, AN-1 3, AN-30, LB-1 , LB-5, LB-6, LB-1 1 

LM103 AN-1 10, LB-41 

LM104 AN-21, LB-3, LB-7, LB-10, LB-40 

LM1 05 AN-21 , AN-23, AN-1 1 0, LB-3, LB-7, LB-1 0 

LM106 AN-41, LB-6, LB-12 

LM1 07 AN-20, AN-31 , LB-1 , LB-1 2, LB-1 9, Appendix A 

LM108 AN-29, AN-30, AN-31, AN-63, AN-79, AN-21 1, AN-241, LB-14, LB-15, LB-21 

LM108A AN-260, LB-1 5, LB-1 9 

LM109 AN-42, LB-1 5 

LM109A LB-15 

LM110 LB-11, LB-42 

LM111 AN-41, AN-103, LB-12, LB-16, LB-32, LB-39 

LM112 AN-63, LB-19 

LM113 AN-56, AN-110, LB-21, LB-24, LB-28, LB-37 

LM117 AN-178, AN-181, AN-182, LB-46, LB-47 

LM117HV LB-46, LB-47 

LM118 LB-1 7, LB-1 9, LB-21 , LB-23, Appendix A 

LM119 AN-1 15, LB-23 

LM120 AN-182 

LM121 AN-79, AN-104, AN-184, AN-260, LB-22 

LM121A LB-32 

LM122 AN-97, LB-38 

LM125 AN-82 

LM126 AN-82 

LM1 29 AN-1 73, AN-1 78, AN-262, AN-266 

LM131 AN-210, Appendix D 

LM131A AN-210 

LM134 LB-41 

LM135 AN-225, AN-262, AN-292, AN-298 

LM137 LB-46 

LM137HV LB-46 

LM138 LB-46 

LM139 AN-74 

LM143 AN-1 27, AN-271 

LM148 AN-260 
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DEVICE NUMBER APPLICATION NOTE 

LM150 LB-46 

LM158 AN-116 

LM160 AN-87 

LM161 AN-87, AN-266 

LM163 AN-295 

LM194 AN-222, LB-21 

LM195 AN-110 

LM199 AN-1 61, AN-260, AN-360 

LM199A AN-161 

LM211 LB-39 

LM216A LB-37 

LM231 AN-210 

LM231A AN-225 

LM235 AN-225 

LM239 AN-74 

LM258 AN-116 

LM260 AN-87 

LM261 AN-87 

LM301 A AN-1 78, AN-1 81 , AN-222 

LM304 LB-40 

LM308 AN-88, AN-184, AN-272, LB-22, LB-28, Appendix D 

LM308A AN-225, LB-24 

LM309 AN-178, AN-182 

LM31 1 AN-41 , AN-1 03, AN-260, AN-263, AN-288, AN-294, 

AN-295, AN-307, LB-12, LB-16, LB-18, LB-39 

LM313 AN-263 

LM316 AN-258 

LM317 AN-178, LB-35, LB-46 

LM317H LB-47 

LM318 AN-115, AN-299, LB-21 

LM319 AN-1 15, AN-271, AN-293 

LM320 AN-288 

LM321 LB-24 

LM324 AN-88, AN-258, AN-274, AN-284, AN-301 , LB-44, AB-25, Appendix C 

LM329 AN-256, AN-263, AN-284, AN-295, AN-301 

LM329B AN-225 

LM330 AN-301 

LM331 AN-21 0, AN-240, AN-265, AN-278, AN-285, AN-31 1 , LB-45, Appendix, C Appendix D 

LM331A AN-210, Appendix C 

LM334 AN-242, AN-256, AN-284 

LM335 AN-225, AN-263, AN-295 

LM336 AN-202, AN-247, AN-258 

LM337 LB-46 

LM338 LB-49, LB-51 

LM339 AN-74, AN-245, AN-274 

LM340 AN-103, AN-182 

LM340L AN-256 

LM342 AN-288 

LM346 AN-202, LB-54 

LM347 LB-44 

LM348 AN-202, LB-42 

LM349 LB-42 

LM358 AN-1 1 6, AN-247, AN-271 , AN-274, AN-284, AN-298, Appendix C 

LM358A Appendix D 
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Appendix B Application Note Referenced by Part Number 


DEVICE NUMBER APPLICATION NOTE 

LM359 AN-278, AB-24 

LM360 AN-87 

LM361 AN-87, AN-294 

LM363 AN-271 

LM380 AN-69, AN-1 46 

LM381 AN-64, AN-1 04 

LM382 AN-147 

LM385 AN-242, AN-256, AN-301 , AN-344 

LM386 LB-54 

LM389 AN-256, AN-263, AN-264, AN-274 

LM391 AN-272 

LM392 AN-274, AN-286 

LM393 AN-271 , AN-274, AN-293 

LM394 AN-262, AN-263, AN-264, AN-271 , AN-293, AN-299, AN-31 1 , LB-52 

LM395 AN-1 78, AN-1 81 , AN-262, AN-263, AN-266, AN-301 , LB-28 

LM399 AN-184 

LM555 AB-7 

LM556 AB-7 

LM565 AN-46, AN-1 46 

LM566 AN-146 

LM567 AN-46 

LM709 AN-24, AN-30 

LM710 AN-41, LB-12 

LM725 LB-22 

LM741 AN-75, AN-79, LB-1 9, LB-22 

LM832 AN-386, AN-390 

LM833 AN-346 

LM1036 AN-390 

LM1310 AN-81 

LM1524 AN-272, AN-288, AN-292, AN-293 

LM1800 AN-81, AN-147 

LM1812 AB-20 

LM1818 AN-407 

LM1820 LB-29 

LM1823 AN-391 

LM1828 Appendix B 

LM1830 AB-10 

LM1837 AN-407 

LM1845 Appendix B 

LM1863 AN-381, AN-382 

LM1865 AN-382, AN-390 

LM1870 AN-382 

LM1886 AN-402 

LM1889 AN-402 

LM1894 AN-384, AN-386, AN-390 

LM1897 AN-407 

LM2878 AN-147 

LM2889 AN-391, AN-402 

LM2907 AN-162 

LM2917 AN-162 

LM2931 AB-12 

LM2931CT AB-11 
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DEVICE NUMBER APPLICATION NOTE 

LM3045 AN-286 

LM3046 AN-146, AN-299 

LM3089 AN-147 

LM3524 AN-272, AN-288, AN-292, AN-293 

LM3820 AN-147, LB-29 

LM3900 AN-72, AN-263, AN-274, AN-278, LB-20, AB-24 

LM3909 AN-154 

LM3911 LB-27 

LM3914 LB-48, AB-25 

LM3915 AN-386 

LM3999 AN161 

LM4250 AN-88, LB-34 

LM7800 AN-178 

LM78L12 AN-146 

LMC835 AN-435 

LP324 AN-284 

MF10 AN-307 

MM1458 AN-116 

MM1558 AN-116 

MM1558C AN-116 

MM2716 LB-54 

MM54104 AN-252, AN-287, LB-54 

MM57110 AN-382 

MM74C00 AN-88 

MM74C02 AN-88 

MM74C04 AN-88 

MM74C948 AN-193 

MM74LS138 LB-54 

2N4339 AN-32 

LH4101 AN-480 

LM34/35 AN-460 

LM32900 AN-478 

LM3578 AB-30 

LPXXXX AN-462 

LM34 AN-462 

LM35 AN-462 

LM385 AN-462 

LMC13334 AN-462 

LP2950 AN-462 

LP2951 AN-462 

LP311 AN-462 

LP324 AN-462 

LP339 AN-462 

LP365 AN-462 
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Appendix C — Summary of Commercial Reliability Programs 



National 

Semiconductor 

Corporation 


Appendix C 

Summary of Commercial Reliability Programs 


General 

National Semiconductor Commercial Reliability Programs 
provide a broad range of off-the-shelf enhanced semicon- 
ductor products that supply an extra measure of quality and 
reliability needed in high-stress or difficult to service applica- 
tions. 

National’s A+ and B+ programs allow each individual cus- 
tomer to: 

• Minimize the need for incoming electrical inspection 

• Eliminate the need and associated costs of using inde- 
pendent testing laboratories 

• Reduction in infant mortality rate 

• Reduction in reworked board costs 

• Reduction in warranty and service costs 

A+ Product Enhancement 

The A+ Product Enhancement incorporates the benefits of 
the Multiple-Pass and Elevated Temperature along with 
“BURN-IN.” 

The A+ Program provides: 

• 100% Temperature Cycling 

• 100% Electrical Testing at Room and High Temperature 

• 100% Burn-In Testing Combining Increased Tempera- 
ture with Applied Voltage 

• Acceptable Quality Levels Greater than Industry Norm 


Typical A -I- Flow is: 

• SEM 

• Assembly and Seal 

• Four Hour 150°C Bake 

• Five Temperature Cycles (0°C to + 100°C) 

• High Temperature Electrical Test 

• Electrical Test 

• Burn-In (160 hours at a minimum junction temperature of 
1 25°C) 

• DC Parametric and Function Tests 

• Tightened Quality Control Inspection Plans 

Note: Certain products may follow slightly different process flows dictated 
by specific capabilities and device characteristics, consult NSC. 

P + Product Enhancement 

The P+ product enhancement program applies to regulator 
devices and offers an added advantage. P + involves a dy- 
namic self-heating burn-in that tests the thermal shutdown 
of the regulator. P+ is proven more effective than the stan- 
dard 125°C burn-in as an early screen for infant mortality 
defects. It sharply reduces the cost of testing incoming com- 
ponents. Reliability Report L-140 further explains the P + 
process. The following chart lists regulators which receive 
P+ prior to shipment and at no additional cost. 


Device 

Package Types | 

TO-3 

K STEEL 

TO-39 H 

TO-220 T 

TO-202 P 

TO-92 Z 

LM1 09/309 

X 

X 




LM1 17/317 

X 

X 

X 

X 


LM1 17HV/317HV 

X 

X 




LM1 20/320 

X 

X 

X 

X 


LM1 23/323 

X 





LM1 37/337 

X 

X 

X 

X 


LM1 37HV/337HV 

X 

X 




LM1 38/338 

X 





LM1 40/340 

X 

X 

X 

X 


LM1 45/345 

X 





LM1 50/250/350 

X 





LM1 96/396 

X 





LM2930/2935/ 2940/ 2984 



X 



LM2931 



X 


X 

LM78XX 



X 
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National 

Semiconductor 

Corporation 


Appendix D 

Military Aerospace Programs 
from National Semiconductor 


This appendix is intended to provide a brief overview of mili- 
tary products available from National Semiconductor. For 
further information, refer to our 1987 Reliability Handbook. 

MIL-M-38510 

The MIL-M-38510 Program, which is sometimes called the 
JAN 1C Program, is administered by the Defense Electronics 
Supply Center (DESC). The purpose of this program is to 
provide the military community with standardized products 
that have been manufactured and screened to government- 
controlled specifications in government-certified facilities. 
All 38510 manufacturers must be formally qualified and their 
products listed on DESC’s Qualified Products List (QPL) be- 
fore devices can be marked and shipped as JAN product. 
There are two processing levels specified within MIL-M- 
38510: Classes S and B. Class S is typically specified for 
space flight applications, while Class B is used for aircraft 
and ground systems. National is a major supplier of both 
classes of devices. Screening requirements are outlined in 
Table III. 

Tables I and II explain the JAN device marking system. 
Copies of MIL-M-38510, the QPL, and other related docu- 
ments may be obtained from: 

Naval Publications and Forms Center 
5801 Tabor Avenue 
Philadelphia, PA 19120 
(212) 697-2179 

DESC Specifications 

DESC specifications are issued to provide standardized ver- 
sions of devices which are not yet available as JAN product. 
MIL-STD-883 Class B screening is coupled with tightly con- 
trolled electrical specifications which have been written to 
allow a manufacturer to use his standard electrical tests. A 
current listing of National’s DESC specification offerings can 
be obtained from our franchised distributors, sales offices, 
or DESC. DESC is located in Dayton, Ohio. 


MIL-STD-883 

Although originally intended to establish uniform test meth- 
ods and procedures, MIL-STD-883 has also become the 
general specification for non-JAN military product. Revision 
C of this document defines the minimum requirements for a 
device to be marked and advertised as 883-compliant. In- 
cluded are design and construction criteria, documentation 
controls, electrical and mechanical screening requirements, 
and quality control procedures. Details can be found in par- 
agraph 1.2.1 of MIL-STD-883. 

National offers both 883 Class B and 883 Class S product. 
The screening requirements for both classes of product are 
outlined in Table III. 

As with DESC specifications, a manufacturer is allowed to 
use his standard electrical tests provided that all critical pa- 
rameters are tested. Also, the electrical test parameters, 
test conditions, test limits, and test temperatures must be 
clearly documented. At National Semiconductor, this infor- 
mation is available via our RETS (Reliability Electrical Test 
Specification Program). The RETS document is a complete 
description of the electrical tests performed and is con- 
trolled by our QA department. Individual copies are available 
upon request. 

Some of National’s older products are not completely com- 
pliant with MIL-STD-883 but are still required for use in mili- 
tary systems. These devices are screened to the same 
stringent requirements as 883 product but are marked 
“-MIL”. 

Military Screening Program (MSP) 

National’s Military Screening Program was developed to 
make screened versions of advanced products such as gate 
arrays and microprocessors available more quickly than is 
possible for JAN and 883 devices. Through this program, 
screened product is made available for prototypes and 
breadboards prior to or during the JAN or 883 qualification 
activities. MSP products receive the 100% screening of Ta- 
ble III but are not subjected to Group C and D quality con- 
formance testing. Other criteria such as electrical testing 
and temperature range will vary depending upon individual 
device status and capability. 
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Appendix D — Military Aerospace Programs from National Semiconductor 


TABLE I. The MIL-M-38510 Part Marking 

J M38510 /XXXXXYYY 

L Lead Finish 
A = Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above 
is acceptable 

— Device Package 
(see Table II) 

Screening Level 

S, B, or C 

Device Number on 

Slash Sheet 

Slash Sheet Number 

For radiation hard devices 

this slash is replaced by the 
Radiation Hardness Assurance 
Designator (M,D,R, or H per 
paragraph 3.4.1. 3 of MIL-M- 
38510) 

MIL-M-38510 

JAN Prefix 

(which may be applied only to 
a fully conformant device per 
paragraphs 3. 6.2.1 and 3.6.7 of 
MIL-M-38510) 

CI24-1 


TABLE II. JAN Package Codes 


38510 

Package 

Designation 

Microcircuit Industry 
Description 

A 

14-Pin 1/4" X 1/4" (metal) flat pack 

B 

14-Pin 3/16" X1/4" flat pack 

C 

14-Pin 1/4" X3/4" dual-in-line 

D 

14-Pin 1 /A" X 3/8" (ceramic) flat pack 

E 

16-Pin 1/4" X 3/8" dual-in-line 

F 

16-Pin 1/4" X3/8" (metal or ceramic) 
flat pack 

G 

8-pin TO-99 can or header 

H 

10-pin 1/4" xl/4" (metal) flat pack 

1 

1 0-pin TO-1 00 can or header 

J 

24-pin 1/2" x 1-1/4" dual-in-line 

K 

24-pin 3/8" x 5/8" flat pack 

L 

24-pin 1/4" x 1-1/4" dual-in-line 

M 

12-pin TO-1 01 can or header 

N 

(Note 1) 

P 

8-pin 1/4" x 3/8" dual-in-line 

Q 

40-pin 3/16" x 2-1/16" dual-in-line 

R 

20-pin 1/4" x 1-1/16" dual-in-line 

S 

20-pin 1 /A" x 1 /2" flat pack 

T 

(Note 1) 

U 

(Note 1) 

V 

18-pin 3/8" x 15/1 6" dual-in-line 

w 

22-pin 3/8" x 1-1/8" dual-in-line 

X 

(Note 1) 

Y 

(Note 1) 

z 

(Note 1) 

2 

20-terminal 0.350" x 0.350" chip carrier 

3 

28-terminal 0.450" x 0.450" chip carrier 


Note 1: These letters are assigned to packages by individual detail specifi- 
cations and may be assigned to different packages in different specifica- 
tions. 
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TABLE III. 100% Screening Requirements 

Screen 

Class S 

Class B 

Method 

Reqmt 

Method 

Reqmt 

1 . Wafer Lot Acceptance 

5007 

All Lots 


— 

2. Nondestructive Bond Pull 

2023 

100% 


— 

3. Internal Visual (Note 1 ) 

2010, Condition A 

100% 

2010, Condition B 

100% 

4. Stabilization Bake 

1008, Condition C, 

24 hrs. Min. 

100% 

1008, Condition C, 

24 hrs. Min. 

100% 

5. Temp. Cycling (Note 2) 

1010, Condition C 

100% 

1010, Condition C 

100% 

6. Constant Acceleration 

2001, Condition E (Min.) 

Yi Orientation Only 

100% 

2001 , Condition E, (Min.), 
Yi Orientation Only 

100% 

7. Visual Inspection (Note 3) 


100% 


100% 

8. Particle Impact Noise Detection (PIND) 

2020, Condition A (Note 4) 

100% 


— 

9. Serialization 

(Note 5) 

100% 


— 

10. Interim (Pre-Burn-In) Electrical 

Parameters 

Per Applicable Device 
Specification (Note 13) 

100% 

Per Applicable Device 
Specification (Note 6) 

— 

11. Burn-In Test 

1015 

240 Hrs. @ 125°CMin. 
(Cond. F Not Allowed) 

100% 

1015 

160 Hrs. @ 125°C Min. 

100% 

1 2. Interim (Post-Burn-In) Electrical 

Parameters 

Per Applicable Device 
Specification (Note 13) 

100% 



1 3. Reverse Bias Burn-In (Note 7) 

1 01 5; Test Condition A, C, 
72 Hrs. @150°CMin. 

(Cond. F Not Allowed) 

100% 


— 

1 5. PDA Calculation 

5% Parametric (Note 14), 
3% Functional -25°C 

All Lots 

5% Parametric (Note 14) 

All Lots 

1 6. Final Electrical T est 

a) Static Tests 

1) 25°C (Subgroup 1, Table 1, 5005) 

2) Max & Min Rated Operating Temp. 
(Subgroups 2, 3, Table 1, 5005) 

b) Dynamic Tests & Switching Tests, 25°C 
(Subgroups 4, 9, Table 1, 5005) 

c) Functional Test, 25°C 
(Subgroup 7, Table 1, 5005) 

Per Applicable Device 
Specification 

1 

| 

100% 

100% 

100% 

100% 

Per Applicable Device 
Specification 

100% 

100% 

100% 

100% 
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TABLE III. 100% Screening Requirements (Continued) 


Screen 

Class S 

Class B 

Method 

Reqmt 

Method 

Reqmt 

17. 

Seal Fine, Gross 

1014 

100%, (Note 8) 

1014 

100%, (Note 9) 

18. 

Radiographic (Note 10) 

2012 Two Views 

100% 


— 

19. 

Qualification or Quality Conformance 

Inspection Test Sample Selection 

(Note 11) 

Samp. 

(Note 11) 

Samp. 

20. 

External Visual (Note 12) 

2009 

100% 


100% 


Note 1: Unless otherwise specified, at the manufacturer’s option, test samples for Group B, bond strength (Method 5005) may be randomly selected prior to or 
following internal visual (Method 5004), prior to sealing provided all other specification requirements are satisfied (e.g. bond strength requirements shall apply to 
each inspection lot, bond failures shall be counted even if the bond would have failed internal visual). 

Note 2: For Class B devices, this test may be replaced with thermal shock method 1011, test condition A, minimum. 

Note 3: At the manufacturer’s option, visual inspection for catastrophic failures may be conducted after each of the thermal/mechanical screens, after the 
sequence or after seal test. Catastrophic failures are defined as missing leads, broken packages, or lids off. 

Note 4: The PIND test may be performed in any sequence after step 6 and prior to step 16. See MIL-M-38510, paragraph 4.6.3. 

Note 5: Class S devices shall be serialized prior to interim electrical parameter measurements. 

Note 6: When specified, all devices shall be tested for those parameters requiring delta calculations. 

Note 7: Reverse bias burn-in is a requirement only when specified in the applicable device specification. The order of performing burn-in and reverse bias burn-in 
may be inverted. 

Note 8: For Class S devices, the seal test may be performed in any sequence between step 1 6 and step 1 9, but it shall be performed after all shearing and forming 
operations on the terminals. 

Note 9: For Class B devices, the fine and gross seal tests shall be performed separate or together in any sequence and order between step 6 and step 20 except 
that they shall be performed after all shearing and forming operations on the terminals. When 100% seal screen cannot be performed after shearing and forming 
(e.g. flatpacks and chip carriers) the seal screen shall be done 100% prior to these operations and a sample test (LTPD = 5) shall be performed on each 
inspection lot following these operations. If the sample fails, 100% rescreening shall be required. 

Note 10: The radiographic screen may be performed in any sequence after step 19. 

Note 11: Samples shall be selected for testing in accordance with the specific device class and lot requirements of Method 5005 
Note 12: External Visual shall be performed on the lot any time after step 19 and prior to shipment. 

Note 13: Read and Record when past burn-in delta measurements are specified. 

Note 14: PDA shall apply to all static, dynamic, functional, and switching measurements at either 25°C or maximum rated operating temperature. 
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*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL”. 
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LM136AH-2.5 


LM136H-2.5 


LM136H-5.0 


LM137H 


LM137HVH 



LM137HVKSTEEL 



LM137KSTEEL 




LM138KSTEEL 


LM139AJ 


LM139J 


X 


X 


*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL". 
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Military Analog Products Available From National Semiconductor 

Listed below are the military class B Analog devices available from National Semiconductor. Many of these are also available as 
Class S product. Additional information including new product plans can be obtained from our sales offices. 


Device Type 

Mir 

Class B 

883 

Class B 

Desc 

JAN 

LM139W 




X 

LM140AK-12 


X 



LM140AK-15 


X 



LM140AK-5.0 


X 





X 



LM140K-15 


X 



LM140K-5.0 


X 



LM140LAH-12 


X 



LM140LAH-15 


X 



LM140LAH-5.0 


X 



LM143H 


X 

X 


LM144H 


X 

X 


LM145K-5.0 


X 



LM145K-5.2 


X 



LM146J 


X 



LM148J 


x 


X 

LM149J 


X 



LM150KSTEEL 

X 




LM1536H 


X 

X 


LM1558H 


X 



LM1558J 


X 



LM158AH 


x 



LM158AJ 


X 



LM158H 


X 



LM158J 


X 



LM1596H 

X 




LM160H 


X 



LM160J-14 


X 



LM160J 


x 



LM161F 

X 




LM161H 


X 



LM161J 


X 



LM185BXH-1.2 


X 



LM185BYH-1.2 


X 




Device Type 

mi! 

883 

Class B 

Desc 

JAN 

LM185H-1.2 


X 



LM193AH 


X 





X 


X 





X 

LM193W 





LM194H 


X 



LM195H 


X 



LM195K 


X 





X 



LM199AH 


X 



LM199H 


X 



LM4250H 

X 





X 




LM555H 


X 



LM555J 


X 



LM556J 

X 




LM567H 


X 





X 



LM709H 


X 



u 


X 



ESBS3HI 


X 



nmm 




X 



x 



LM733H 

X 




LM741 AJ-14 


X 



LM741AJ 


X 





X 


X 



X 



LM741J 


X 


X 

LM741W 

i 


i 

X 

E 


X 


X 

LM747J 


X 



LM748H 


X 



LM748J 


X 




*Some older products are not completely compliant with MIL-STD-883 but are still required for use in military systems. These devices are screened to the same 
stringent requirements as 883 product but are marked “-MIL". 
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INTRODUCTION 

The short and long term reliability of National Semiconduc- 
tor’s interface circuits, like any integrated circuit, is very de- 
pendent on its environmental condition. Beyond the me- 
chanical/environmental factors, nothing has a greater influ- 
ence on this reliability than the electrical and thermal stress 
seen by the integrated circuit. Both of these stress issues 
are specifically addressed on every interface circuit data 
sheet, under the headings of Absolute Maximum Ratings 
and Recommended Operating Conditions. 

However, through application calls, it has become clear that 
electrical stress conditions are generally more understood 
than the thermal stress conditions. Understanding the im- 
portance of electrical stress should never be reduced, but 
clearly, a higher focus and understanding must be placed on 
thermal stress. Thermal stress and its application to inter- 
face circuits from National Semiconductor is the subject of 
this application note. 

FACTORS AFFECTING DEVICE RELIABILITY 

Figure 1 shows the well known “bathtub” curve plotting fail- 
ure rate versus time. Similar to all system hardware (me- 
chanical or electrical) the reliability of interface integrated 
circuits conform to this curve. The key issues associated 
with this curve are infant mortality, failure rate, and useful 
life. 



EARLY LIFE USEFUL LIFE WEAROUT TIME 

TL/H/9312-1 

FIGURE 1. Failure Rate vs Time 

Infant mortality, the high failure rate from time to to tl (early 
life), is greatly influenced by system stress conditions other 
than temperature, and can vary widely from one application 
to another. The main stress factors that contribute to infant 
mortality are electrical transients and noise, mechanical 
maltreatment and excessive temperatures. Most of these 
failures are discovered in device test, burn-in, card assem- 
bly and handling, and initial system test and operation. Al- 
though important, much literature is available on the subject 
of infant mortality in integrated circuits and is beyond the 
scope of this application note. 


Failure rate is the number of devices that will be expected to 
fail in a given period of time (such as, per million hours). The 
mean time between failure (MTBF) is the average time (in 
hours) that will be expected to elapse after a unit has failed 
before the next unit failure will occur. These two primary 
“units of measure” for device reliability are inversely relat- 
ed: 


Failure Rate 

Although the “bathtub” curve plots the overall failure rate 
versus time, the useful failure rate can be defined as the 
percentage of devices that fail per-unit-time during the flat 
portion of the curve. This area, called the useful life, extends 
between tl and t2 or from the end of infant mortality to the 
onset of wearout. The useful life may be as short as several 
years but usually extends for decades if adequate design 
margins are used in the development of a system. 

Many factors influence useful life including: pressure, me- 
chanical stress, thermal cycling, and electrical stress. How- 
ever, die temperature during the device’s useful life plays an 
equally important role in triggering the onset of wearout. 

FAILURE RATES vs TIME AND TEMPERATURE 

The relationship between integrated circuit failure rates and 
time and temperature is a well established fact. The occur- 
rence of these failures is a function which can be represent- 
ed by the Arrhenius Model. Well validated and predominant- 
ly used for accelerated life testing of integrated circuits, the 
Arrhenius Model assumes the degradation of a performance 
parameter is linear with time and that MTBF is a function of 
temperature stress. The temperature dependence is an ex- 
ponential function that defines the probability of occurrence. 
This results in a formula for expressing the lifetime or MTBF 
at a given temperature stress in relation to another MTBF at 
a different temperature. The ratio of these two MTBFs is 
called the acceleration factor F and is defined by the follow- 
ing equation: 



Where: XI = Failure rate at junction temperature Tl 
X2 = Failure rate at junction temperature T2 
T = Junction temperature in degrees Kelvin 
E = Thermal activation energy in electron volts 
(ev) 

K = Boltzman’s constant 
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However, the dramatic acceleration effect of junction tem- 
perature (chip temperature) on failure rate is illustrated in a 
plot of the above equation for three different activation en- 
ergies in Figure 2. This graph clearly demonstrates the im- 
portance of the relationship of junction temperature to de- 
vice failure rate. For example, using the 0.99 ev line, a 30° 
rise in junction temperature, say from 130°C to 160°C, re- 
sults in a 1 0 to 1 increase in failure rate. 



30 60 90 120 150 180 210 

JUNCTION TEMPERATURE (°C) 

TL/H/9312-2 

FIGURE 2. Failure Rate as a Function 
of Junction Temperature 

DEVICE THERMAL CAPABILITIES 

There are many factors which affect the thermal capability 
of an integrated circuit. To understand these we need to 
understand the predominant paths for heat to transfer out of 
the integrated circuit package. This is illustrated by Figures 
3 and 4. 

Figure 3 shows a cross-sectional view of an assembled inte- 
grated circuit mounted into a printed circuit board. 

Figure 4 is a flow chart showing how the heat generated at 
the power source, the junctions of the integrated circuit 


flows from the chip to the ultimate heat sink, the ambient 
environment. There are two predominant paths. The first is 
from the die to the die attach pad to the surrounding pack- 
age material to the package lead frame to the printed circuit 
board and then to the ambient. The second path is from the 
package directly to the ambient air. 

Improving the thermal characteristics of any stage in the 
flow chart of Figure 4 will result in an improvement in device 
thermal characteristics. However, grouping all these charac- 
teristics into one equation determining the overall thermal 
capability of an integrated circuit/package/environmental 
condition is possible. The equation that expresses this rela- 
tionship is: 

Tj = T A + Pd (0ja) 

Where: Tj = Die junction temperature 

Ta = Ambient temperature in the vicinity device 
Pd = Total power dissipation (in watts) 

0ja = Thermal resistance junction-to-ambient 
0ja, the thermal resistance from device junction-to-ambient 
temperature, is measured and specified by the manufactur- 
ers of integrated circuits. National Semiconductor utilizes 
special vehicles and methods to measure and monitor this 
parameter. All circuit data sheets specify the thermal char- 
acteristics and capabilities of the packages available for a 
given device under specific conditions — these package 
power ratings directly relate to thermal resistance junction- 
to-ambient or 0 ja- 

Although National provides these thermal ratings, it is crit- 
ical that the end user understand how to use these numbers 
to improve thermal characteristics in the development of his 
system using 1C components. 



FIGURE 3. Integrated Circuit Soldered into a Printed Circuit Board (Cross-Sectional View) 



TL/H/9312-4 

FIGURE 4. Thermal Flow (Predominant Paths) 
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DETERMINING DEVICE OPERATING 
JUNCTION TEMPERATURE 

From the above equation the method of determining actual 
worst-case device operating junction temperature becomes 
straightforward. Given a package thermal characteristic, 
0 ja, worst-case ambient operating temperature, TA(max), 
the only unknown parameter is device power dissipation, 
Pp- In calculating this parameter, the dissipation of the inte- 
grated circuit due to its own supply has to be considered, 
the dissipation within the package due to the external load 
must also be added. The power associated with the load in 
a dynamic (switching) situation must also be considered. 
For example, the power associated with an inductor or a 
capacitor in a static versus dynamic (say, 1 MHz) condition 
is significantly different. 

The junction temperature of a device with a total package 
power of 600 mW at 70°C in a package with a thermal re- 
sistance of 63°C/W is 1 08°C. 

Tj = 70°C + (63°C/W) X (0.6W) = 108°C 
The next obvious question is, “how safe is 108°C?” 
MAXIMUM ALLOWABLE JUNCTION TEMPERATURES 
What is an acceptable maximum operating junction temper- 
ature is in itself somewhat of a difficult question to answer. 
Many companies have established their own standards 
based on corporate policy. However, the semiconductor in- 
dustry has developed some defacto standards based on the 
device package type. These have been well accepted as 
numbers that relate to reasonable (acceptable) device life- 
times, thus failure rates. 

National Semiconductor has adopted these industry-wide 
standards. For devices fabricated in a molded package, the 
maximum allowable junction temperature is 150°C. For 
these devices assembled in ceramic or cavity DIP pack- 
ages, the maximum allowable junction temperature is 
1 75°C. The numbers are different because of the differenc- 
es in package types. The thermal strain associated with the 
die package interface in a cavity package is much less than 
that exhibited in a molded package where the integrated 
circuit chip is in direct contact with the package material. 
Let us use this new information and our thermal equation to 
construct a graph which displays the safe thermal (power) 
operating area for a given package type. Figure 5 is an ex- 
ample of such a graph. The end points of this graph are 
easily determined. For a 16-pin molded package, the maxi- 
mum allowable temperature is 1 50°C; at this point no power 
dissipation is allowable. The power capability at 25°C is 
1 .98W as given by the following calculation: 


P D @ 25°C = 


Tj(max)-T A 

0JA 


150°C— 25°C 
63°C/W 


1.98W 


The slope of the straight line between these two points is 
minus the inversion of the thermal resistance. This is re- 
ferred to as the derating factor. 

Derating Factor = - — ^ — 

0JA 

As mentioned, Figure 5 is a plot of the safe thermal operat- 
ing area for a device in a 16-pin molded DIP. As long as the 
intersection of a vertical line defining the maximum ambient 
temperature (70°C in our previous example) and maximum 
device package power (600 mW) remains below the maxi- 
mum package thermal capability line the junction tempera- 
ture will remain below 150°C— the limit for a molded pack- 
age. If the intersection of ambient temperature and package 
power fails on this line, the maximum junction temperature 
will be 1 50° C. Any intersection that occurs above this line 
will result in a junction temperature in excess of 1 50°C and 
is not an appropriate operating condition. 



25 50 75 100 125 150 175 

TEMPERATURE (°C) 


TL/H/9312-5 

FIGURE 5. Package Power Capability 
vs Temperature 

The thermal capabilities of all integrated circuits are ex- 
pressed as a power capability at 25°C still air environment 
with a given derating factor. This simply states, for every 
degree of ambient temperature rise above 25°C, reduce the 
package power capability stated by the derating factor 
which is expressed in mW/°C. For our example — a 0ja of 
63°C/W relates to a derating factor of 1 5.9 mW/°C. 

FACTORS INFLUENCING PACKAGE 
THERMAL RESISTANCE 

As discussed earlier, improving any portion of the two pri- 
mary thermal flow paths will result in an improvement in 
overall thermal resistance junction-to-ambient. This section 
discusses those components of thermal resistance that can 
be influenced by the manufacturer of the integrated circuit. It 
also discusses those factors in the overall thermal resist- 
ance that can be impacted by the end user of the integrated 
circuit. Understanding these issues will go a long way in 
understanding chip power capabilities and what can be 
done to insure the best possible operating conditions and, 
thus, best overall reliability. 
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Die Size 

Figure 6 shows a graph of our 16-pin DIP thermal resistance 
as a function of integrated circuit die size. Clearly, as the 
chip size increases the thermal resistance decreases— this 
relates directly to having a larger area with which to dissi- 
pate a given power. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-6 

FIGURE 6. Thermal Resistance vs Die Size 
Lead Frame Material 

Figure 7 shows the influence of lead frame material (both 
die attach and device pins) on thermal resistance. This 
graph compares our same 16-pin DIP with a copper lead 
frame, a Kovar lead frame, and finally an Alloy 42 type lead 
frame — these are lead frame materials commonly used in 
the industry. Obviously the thermal conductivity of the lead 
frame material has a significant impact in package power 
capability. Molded interface circuits from National Semicon- 
ductor use the copper lead frame exclusively. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-7 

FIGURE 7. Thermal Resistance vs 
Lead Frame Material 

Board vs Socket Mount 

One of the major paths of dissipating energy generated by 
the integrated circuit is through the device leads. As a result 
of this, the graph of Figure 8 comes as no surprise. This 
compares the thermal resistance of our 16-pin package sol- 
dered into a printed circuit board (board mount) compared 
to the same package placed in a socket (socket mount). 
Adding a socket in the path between the PC board and the 
device adds another stage in the thermal flow path, thus 
increasing the overall thermal resistance. The thermal capa- 
bilities of National Semiconductor’s interface circuits are 
specified assuming board mount conditions. If the devices 
are placed in a socket the thermal capabilities should be 
reduced by approximately 5% to 10%. 



1 2 3 4 5 6 7 8910 

DIE SIZE (kMIL 2 ) 

TL/H/9312-8 

FIGURE 8. Thermal Resistance vs 
Board or Socket Mount 

Air Flow 

When a high power situation exists and the ambient temper- 
ature cannot be reduced, the next best thing is to provide air 
flow in the vicinity of the package. The graph of Figure 9 
illustrates the impact this has on thermal resistance. This 
graph plots the relative reduction in thermal resistance nor- 
malized to the still air condition for our 16-pin molded DIP. 
The thermal ratings on National Semiconductor’s interface 
circuits data sheets relate to the still air environment. 



AIR FLOW (LINEAR FEET/ MINUTE) 

TL/H/9312-9 

FIGURE 9. Thermal Resistance vs Air Flow 
Other Factors 

A number of other factors influence thermal resistance. The 
most important of these is using thermal epoxy in mounting 
ICs to the PC board and heat sinks. Generally these tech- 
niques are required only in the very highest of power appli- 
cations. 

Some confusion exists between the difference in thermal 
resistance junction-to-ambient (0ja) and thermal resistance 
junction-to-case (0jc). The best measure of actual junction 
temperature is the junction-to-ambient number since nearly 
all systems operate in an open air environment. The only 
situation where thermal resistance junction-to-case is impor- 
tant is when the entire system is immersed in a thermal bath 
and the environmental temperature is indeed the case tem- 
perature. This is only used in extreme cases and is the ex- 
ception to the rule and, for this reason, is not addressed in 
this application note. 
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NATIONAL SEMICONDUCTOR 
PACKAGE CAPABILITIES 

Figures 10 and 11 show composite plots of the thermal 
characteristics of the most common package types in the 
National Semiconductor Linear Circuits product family. Fig- 
ure 10 is a composite of the copper lead frame molded 
package. Figure 11 is a composite of the ceramic (cavity) 
DIP using poly die attach. These graphs represent board 
mount still air thermal capabilities. Another, and final, ther- 
mal resistance trend will be noticed in these graphs. As the 
number of device pins increase in a DIP the thermal resist- 
ance decreases. Referring back to the thermal flow chart, 
this trend should, by now, be obvious. 

RATINGS ON INTERFACE CIRCUITS DATA SHEETS 

In conclusion, all National Semiconductor Linear Products 
define power dissipation (thermal) capability. This informa- 
tion can be found in the Absolute Maximum Ratings section 
of the data sheet. The thermal information shown in this 
application note represents average data for characteriza- 
tion of the indicated package. Actual thermal resistance can 
vary from ±10% to ±15% due to fluctuations in assembly 
quality, die shape, die thickness, distribution of heat sources 
on the die, etc. The numbers quoted in the linear data 


sheets reflect a 15% safety margin from the average num- 
bers found in this application note. Insuring that total pack- 
age power remains under a specified level will guarantee 
that the maximum junction temperature will not exceed the 
package maximum. 

The package power ratings are specified as a maximum 
power at 25°C ambient with an associated derating factor 
for ambient temperatures above 25°C. It is easy to deter- 
mine the power capability at an elevated temperature. The 
power specified at 25°C should be reduced by the derating 
factor for every degree of ambient temperature above 25°C. 
For example, in a given product data sheet the following will 
be found: 

Maximum Power Dissipation’ 1 ' at 25°C 
Cavity Package 1 509 mW 

Molded Package 1476 mW 

* Derate cavity package at 10 mW/°C above 25°C; derate molded package 
at 11.8 mW/°C above 25 6 C. 

If the molded package is used at a maximum ambient tem- 
perature of 70°C, the package power capability is 945 mW. 
P D @ 70°C = 1 476 mW - (1 1 .8 mW/°C) X (70°C - 25°C) 

= 945 mW 


Molded (N Package) DIP* 
Copper Leadframe— HTP 
Die Attach Board Mount- 
Still Air 
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"Packages from 8- to 20-pin 0.3 mil width TL/H/9312-10 

22-pin 0.4 mil width 
24- to 40-pin 0.6 mil width 


FIGURE 10. Thermal Resistance vs Die Size 
vs Package Type (Molded Package) 


Cavity (J Package) DIP* 
Poly Die Attach Board 
Mount— Still Air 
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"Packages from 8- to 20-pin 0.3 mil width TL/H/9312-11 

22-pin 0.4 mil width 
24- to 48-pin 0.6 mil width 

FIGURE 1 1. Thermal Resistance vs Die Size 
vs Package Type (Cavity Package) 



0 JA - THERMAL RESISTANCE FOR "SO" PACKAGES 
(BOARD MOUNT) 


TL/H/9312-12 

FIGURE 12 
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APPENDIX F 

How to Get the Right Information From a Data Sheet 

Not All Data Sheets Are Created Alike, and False Assumptions Could Cost an Engineer Time and Money 

By Robert A. Pease 


When a new product arrives in the marketplace, it hopefully 
will have a good, clear data sheet with it. 

The data sheet can show the prospective user how to apply 
the device, what performance specifications are guaranteed 
and various typical applications and characteristics. If the 
data-sheet writer has done a good job, the user can decide 
if the product will be valuable to him, exactly how well it will 
be of use to him and what precautions to take to avoid 
problems. 

SPECIFICATIONS 

The most important area of a data sheet specifies the char- 
acteristics that are guaranteed — and the test conditions that 
apply when the tests are done. Ideally, all specifications that 
the users will need will be spelled out clearly. If the product 
is similar to existing products, one can expect the data 
sheet to have a format similar to other devices. 

But, if there are significant changes and improvements that 
nobody has seen before, then the writer must clarify what is 
meant by each specification. Definitions of new phrases or 
characteristics may even have to be added as an appendix. 
For example, when fast-settling operational amplifiers were 
first introduced, some manufacturers defined settling time 
as the time after slewing before the output finally enters and 
stays within the error-band; but other manufacturers includ- 
ed the slewing time in their definition. Because both groups 
made their definitions clear, the user was unlikely to be con- 
fused or misled. 

However, the reader ought to be on the alert. In a few cas- 
es, the data-sheet writer is playing a specsmanship game, 
and is trying to show an inferior (to some users) aspect of a 
product in a light that makes it look superior (which it may 
be, to a couple of users). 

GUARANTEES 

When a data sheet specifies a guaranteed minimum value, 
what does it mean? An assumption might be made that the 
manufacturer has actually tested that specification and has 
great confidence that no part could fail that test and still be 
shipped. Yet that is not always the case. 

For instance, in the early days of op amps (20 years ago), 
the differential-input impedance might have been guaran- 
teed at 1 MH — but the manufacturer obviously did not mea- 
sure the impedance. When a customer insisted, “I have to 
know how you measure this impedance,” it had to be ex- 
plained that the impedance was not measured, but that the 
base current was. The correlation between lb and Zj n per- 
mitted the substitution of this simple dc test for a rather 
messy, noisy, hard-to-interpret test. 


Reprinted by permission from Electronic Engineering Times. 


Every year, for the last 20 years, manufacturers have been 
trying to explain, with varying success, why they do not mea- 
sure the Zj n perse, even though they do guarantee it. 

In other cases, the manufacturer may specify a test that can 
be made only on the die as it is probed on the wafer, but 
cannot be tested after the die is packaged because that 
signal is not accessible any longer. To avoid frustrating and 
confusing the customer, some manufacturers are establish- 
ing two classes of guaranteed specifications: 

• The tested limit represents a test that cannot be doubt- 
ed, one that is actually performed directly on 100 percent 
of the devices, 100 percent of the time. 

• The design limit covers other tests that may be indirect, 
implicit or simply guaranteed by the inherent design of 
the device, and is unlikely to cause a failure rate (on that 
test), even as high as one part per thousand. 

Why was this distinction made? Not just because customers 
wanted to know which specifications were guaranteed by 
testing, but because the quality-assurance group insisted 
that it was essential to separate the tested guarantees from 
the design limits so that the AQL (assurance-quality level) 
could be improved from 0.1 percent to down below 
100 ppm. 

Some data sheets guarantee characteristics that are quite 
expensive and difficult to test (even harder than noise) such 
as long-term drift (20 ppm or 50 ppm over 1 ,000 hours). 
The data sheet may not tell the reader if^ii is measured, 
tested or estimated. One manufacturer may' perform a 100- 
percent test, while another states, “Guaranteed by sample 
testing.” This is not a very comforting assurance that a part 
is good, especially in a critical case where only a long-term 
test can prove if the device did meet the manufacturer’s 
specification. If in doubt, question the manufacturer. 

TYPICALS 

Next to a guaranteed specification, there is likely to be an- 
other in a column labeled “typical”. 

It might mean that the manufacturer once actually saw one 
part as good as that. It could indicate that half the parts are 
better than that specification, and half will be worse. But it is 
equally likely to mean that, five years ago, half the parts 
were better and half worse. It could easily signify that a few 
parts might be slightly better, and a few parts a lot worse; 
after all, if the noise of an amplifier is extremely close to the 
theoretical limit, one cannot expect to find anything much 
better than that, but there will always be a few noisy ones. 
If the specification of interest happens to be the bias current 
(lb) of an op amp, a user can expect broad variations. For 
example, if the specification is 200 nA maximum, there 
might be many parts where lb is 40 nA on one batch (where 
the beta is high), and a month later, many parts where the lb 
is 140 nA when the beta is low. 
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Absolute Maximum Ratings (Noteii) 


If Military/ Aerospace specified devices are required, 
contact the National Semiconductor Sales Office/ 
Distributors for availability and specifications. 


Supply Voltage 
Output Voltage 
Output Current 


4- 35V to -0.2V 
+ 6V to -1.0V 
10 mA 


Storage Temperature, 

TO-46 Package -76°F to + 356°F 

TO-92 Package -76°F to + 300°F 


Lead Temp. (Soldering, 4 seconds) 

TO-46 Package + 300°C 

TO-92 Package + 260°C 

Specified Operating Temp. Range (Note 2) 

TMINtO T MAX 


LM34, LM34A 
LM34C, LM34CA 
LM34D 


— 50°F to + 300°F 
— 40 t> Fto +230°F 
+ 32°F to +212°F 


DC Electrical Characteristics (Note i, Notes) 




LM34A 

LM34CA 


Parameter 

Conditions 

Typical 

Tested 

Design 

Typical 

Tested 

Design 

Units 

Limit 

Limit 

Limit 

Limit 

(Max) 




(Note 4) 

(Note 5) 


(Note 4) 

(Note 5) 

Accuracy (Note 7) 

T A = + 77°F 

±0.4 



±0.4 

±1.0 


°F 


T A = 0°F 

±0.6 



±0.6 


±2.0 

°F 


Ta - Tmax 

±0.8 



±0.8 

±2.0 


°F 


Ta = t MIN 

±0.8 



±0.8 


±3.0 

°F 

Nonlinearity (Note 8) 

Tmin ^ T a ^ Tmax 

± 0.35 


± 0.7 

± 0.30 


± 0.6 

°F 

Sensor Gain 

Tmin ^ T a ^ t MA x 

+ 10.0 





+ 9 . 9 , 

mV/°F, min 

(Average Slope) 







+ 10.1 

mV/°F, max 

Load Regulation 

t a = + 77°F 

±0.4 




±1.0 


mV/mA 

(Note 3) 

t min ^ T a ^ t M ax 

0 ^ II ^ 1 mA 

± 0.5 





± 3.0 

mV/mA 

Line Regulation (Note 3) 

T A = +77°F 

±0.01 

±0.05 


±0.01 

±0.05 


mV/V 


5V <; v s <; 30V 

± 0.02 


± 0.1 

± 0.02 


± 0.1 

mV/V 

Quiescent Current 

V s = +5V, + 77°F 

75 

90 


75 

90 


juA 

(Note 9) 

V s = + 5V 

131 


160 

116 


139 

juA 


V s = +30V, + 77°F 

76 

92 


76 

92 


ju,A 


V s = +30V 

132 


163 

117 


142 

julA 

Change of Quiescent 

4V <; V s ^ 30V, + 77° F 

+ 0.5 

2.0 


0.5 

2.0 


jaA 

Current (Note 3) 

5V ^ V s ^ 30V 

+ 1.0 


3.0 

1.0 


3.0 

jllA 

Temperature Coefficient 
of Quiescent Current 


+ 0.30 


+ 0.5 

+ 0.30 


+ 0.5 

julA/°F 

Minimum Temperature 

In circuit of Figure 1, 







°F 

for Rated Accuracy 

l L = 0 




Long-Term Stability 

Tj — Tmax for 1000 hours 

±0.16 



±0.16 



°F 


Note 1: Unless otherwise noted, these specifications apply: — 50°F £ Tj £ + 300°F for the LM34 and LM34A; — 40°F ^ Tj £ +230°F for the LM34C and 
LM34CA; and + 32°F £ Tj £ + 21 2°F for the LM34D. V s = + 5 Vdc and I LO ad = 50 /liA in the circuit of Figure 2; + 6 Vdc for LM34 and LM34A for 230°F £ Tj £ 
300°F. These specifications also apply from +5°F to Tmax in the circuit of Figure 1. 

Note 2: Thermal resistance of the TO-46 package is 292°F/W junction to ambient and 43°F/W junction to case. Thermal resistance of the TO-92 package is 
324°F/W junction to ambient. 

Note 3: Regulation is measured at constant junction temperature using pulse testing with a low duty cycle. Changes in output due to heating effects can be 
computed by multiplying the internal dissipation by the thermal resistance. 

Note 4: Tested limits are guaranteed and 100% tested in production. 

Note 5: Design limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used to 
calculate outgoing quality levels. 

Note 6: Specification in BOLDFACE TYPE apply over the full rated temperature range. 

Note 7: Accuracy is defined as the error between the output voltage and 10 mV/°F times the device’s case temperature at specified conditions of voltage, current, 
and temperature (expressed in °F). 

Note 8: Nonlinearity is defined as the deviation of the output-voltage-versus-temperature curve from the best-fit straight line over the device’s rated temperature 
range. 

Note 9: Quiescent current is defined in the circuit of Figure 1. 

Note 10: Contact factory for availability of LM34CAZ. 

Note 11: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when 
operating the device beyond its rated operating conditions (see Note 1 ). 
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A Point-By-Point Look 

Let’s look a little more closely at the data sheet of the Na- 
tional Semiconductor LM34, which happens to be a temper- 
ature sensor. 

Note 1 lists the nominal test conditions and test circuits in 
which all the characteristics are defined. Some additional 
test conditions are listed in the column “Conditions”, but 
Note 1 helps minimize the clutter. 

Note 2 gives the thermal impedance, (which may also be 
shown in a chart or table). 

Note 3 warns that an output impedance test, if done with a 
long pulse, could cause significant self-heating and thus, 
error. 

Note 6 is intended to show which specs apply at all rated 
temperatures. 

Note 7 is the definition of the “Accuracy” spec, and Note 8 
the definition for non-linearity. Note 9 states in what test 
circuit the quiescent current is defined. Note 10 indicates 
that one model of the family may not be available at the time 
of printing (but happens to be available now), and Note 1 1 is 
the definition of Absolute Max Ratings. 

* Note — the “4 seconds” soldering time is a new standard 
for plastic packages. 

** Note — the wording of Note 11 has been revised — this is 
the best wording we can devise, and we will use it on all 
future datasheets. 

APPLICATIONS 

Another important part of the data sheet is the applications 
section. It indicates the novel and conventional ways to use 
a device. Sometimes these applications are just little ideas 
to tweak a reader’s mind. After looking at a couple of appli- 
cations, one can invent other ideas that are useful. Some 
applications may be of no real interest or use. 

In other cases, an application circuit may be the complete 
definition of the system’s performance; it can be the test 
circuit in which the specification limits are defined, tested 
and guaranteed. But, in all other instances, the performance 
of a typical application circuit is not guaranteed, it is only 
typical. In many circumstances, the performance may de- 
pend on external components and their precision and 
matching. Some manufacturers have added a phrase to 
their data sheets: 

“Applications for any circuits contained in this document are 
for illustration purposes only and the manufacturer makes 
no representation or warranty that such applications will be 
suitable for the use indicated without further testing or modi- 
fication.” 

In the future, manufacturers may find it necessary to add 
disclaimers of this kind to avoid disappointing users with 
circuits that work well, much of the time, but cannot be easi- 
ly guaranteed. 

The applications section is also a good place to look for 
advice on quirks — potential drawbacks or little details that 
may not be so little when a user wants to know if a device 
will actually deliver the expected performance. 

For example, if a buffer can drive heavy loads and can han- 
dle fast signals cleanly (at no load), the maker isn’t doing 
anybody any favors if there is no mention that the distortion 
goes sky-high if the rated load is applied. 


Another example is the application hint for the LF1 56 family: 
“Exceeding the negative common-mode limit on either input 
will cause a reversal of the phase to output and force the 
amplifier output to the corresponding high or low state. Ex- 
ceeding the negative common-mode limit on both inputs will 
force the amplifier output to a high state. In neither case 
does a latch occur, since raising the input back within the 
common-mode range again puts the input stage and, thus 
the amplifier, in a normal operating mode.” 

That’s the kind of information a manufacturer should really 
give to a data-sheet reader because no one could ever 
guess it. 

Sometimes, a writer slips a quirk into a characteristic curve, 
but it’s wiser to draw attention to it with a line of text. This is 
because it’s better to make the user sad before one gets 
started, rather than when one goes into production. Con- 
versely, if a user is going to spend more than 10 minutes 
using a new product, one ought to spend a full five minutes 
reading the entire data sheet. 

FINE PRINT 

What other fine print can be found on a data sheet? Some- 
times the front page may be marked “advance” or “prelimi- 
nary.” Then on the back page, the fine print may say some- 
thing such as: 

“This data sheet contains preliminary limits and design 
specifications. Supplemental information will be published 
at a later date. The manufacturer reserves the right to make 
changes in the products contained in this document in order 
to improve design or performance and to supply the best 
possible products. We also assume no responsibility for the 
use of any circuits described herein, convey no license un- 
der any patent or other right and make no representation 
that the circuits are free from patent infringement.” 

In fact, after a device is released to the marketplace in a 
preliminary status, the engineers love to make small im- 
provements and upgrades in specifications and characteris- 
tics, and hate to degrade a specification from its first pub- 
lished value— but occasionally that is necessary. 

Another item in the fine print is the manufacturer’s tele- 
phone number. Usually it is best to refer questions to the 
local sales representative or field-applications engineer, be- 
cause they may know the answer or they may be best able 
to put a questioner in touch with the right person at the 
factory. 

Occasionally, the factory’s applications engineers have all 
the information. Other times, they have to bring in product 
engineers, test engineers or marketing people. And some- 
times the answer can’t be generated quickly — data have to 
be gathered, opinions solidified or policies formulated be- 
fore the manufacturer can answer the question. Still, the 
telephone number is the key to getting the factory to help. 

ORIGINS OF DATA SHEETS 

Of course, historically, most data sheets for a class of prod- 
ucts have been closely modeled on the data sheet of the 
forerunner of that class. The first data sheet was copied to 
make new versions. 

That’s the way it happened with the UA709 (the first mono- 
lithic op amp) and all its copies, as well as many other simi- 
lar families of circuits. 
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Even today, an attempt is made to build on the good things 
learned from the past and add a few improvements when 
necessary. But, it’s important to have real improvements, 
not just change for the sake of change. 

So, while it’s not easy to get the format and everything in it 
exactly right to please everybody, new data sheets are con- 
tinually surfacing with new features, applications ideas, 
specifications and aids for the user. And, if the users com- 
plain loudly enough about misleading or inadequate data 
sheets, they can help lead the way to change data sheets. 
That’s how many of today’s improvements came about — 
through customer demand. 

Who writes data sheets? In some cases, a marketing per- 
son does the actual writing and engineers do the checking. 
In other companies, the engineer writes, while marketing 
people and other engineers check. Sometimes, a commit- 
tee seems to be doing the writing. None of these ways is 
necessarily wrong. 

For example, one approach might be: The original designer 
of the product writes the data sheet (inside his head) at the 
same time the product is designed. The concept here is, if 
one can’t find the proper ingredients for a data sheet — good 
applications, convenient features for the user and nicely 
tested specifications as the part is being designed — then 
maybe it’s not a very good product until all those ingredients 
are completed. Thus, the collection of raw materials for a 
good data sheet is an integral part of the design of a prod- 
uct. The actual assembly of these materials is an art which 
can take place later. 


WHEN TO WRITE DATA SHEETS 

A new product becomes available. The applications engi- 
neers start evaluating their application circuits and the test 
engineers examine their production test equipment. 

But how can the users evaluate the new device? They have 
to have a data sheet— which is still in the process of being 
written. Every week, as the data sheet writer tries to polish 
and refine the incipient data sheet, other engineers are re- 
porting, “These spec limits and conditions have to be re- 
vised,” and, “Those application circuits don’t work like we 
thought they would; we’ll have one running in a couple of 
days.” The marketing people insist that the data sheet must 
be finalized and frozen right away so that they can start 
printing copies to go out with evaluation samples. 

These trying conditions may explain why data sheets always 
seem to have been thrown together under panic conditions 
and why they have so many rough spots. Users should be 
aware of the conflicting requirements: Getting a data sheet 
“as completely as possible” and “as accurately as possi- 
ble” is compromised if one wants to get the data sheet “as 
quickly as possible.” 

The reader should always question the manufacturer. What 
are the alternatives? By not asking the right question, a mis- 
understanding could arise; getting angry with the manufac- 
turer is not to anyone’s advantage. 

Robert Pease has been staff scientist at National Semicon- 
ductor Corp., Santa Clara, Calif, for eleven years. He has 
designed numerous op amps, data converters, voltage reg- 
ulators and analog-circuit functions. 
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Obsolete Product Replacement Guide 


Some device types, individual temperature grades and package options have been discontinued. This guide is provided to help 
design engineers select and specify an appropriate alternative. 


NSC Part Number 

Replacement 

Note 

ADB1200 

ADC3711 

2 

DAC1 200/ 1201 

DAC1265 

2 

LF352 

LM3631 

2 

LF13300 

ADC3711 

2 

LH0001 

LM4250 

2 

LH0005/LH0005A 

LH0003 

2 

LH0037 

LH0036 

3 

LH0132 

LH0032 

2 

LH2011 

LM11 

2 

LH2108 

LM108 

2 

LH2201A 

LM201A 

2 

LH2208 

LM208 

2 

LH2208A 

LM208A 

2 

LH2308 

LM308 

2 

LH24250 

LM11 

2 

LM 170/270/370 

LM13600N 

2 

LM1 71/271/371 

no replacement 


LM 172/272/372 

no replacement 


LM1 73/273/373 

no replacement 


LM1 74/274/374 

no replacement 


LM1 75/275/375 

no replacement 


LM216/316 

LM1 1 

2 

LM388N-2/N-3 

LM388N-1 

2 

LM377N 

LM2877P 

3 

LM378N 

LM2878P 

3 

LM379 

LM2879T 

3 

LM1014 

no replacement 


LM1017 

no replacement 


LM1019 

no replacement 



NSC Part Number 

Replacement 

Note 

LM1821S 

LM1823 

2 

LM1822 

LM1823 

3 

LM1828 

no replacement 


LM1848 

no replacement 


LM1877N-1/N-2/N-3 

LM1877N-9 

2 

LM2003 

no replacement 


LM2808 

no replacement 


LM2831 

LM1851 

2 

LM3011 

no replacement 


LM3064 

no replacement 


LM3075 

no replacement 


TBA120V 

no replacement 


TBA440C 

LM1823 

2 

TBA510 

no replacement 


TBA530 

no replacement 


TBA540 

no replacement 


TBA560C 

no replacement 


TBA920 

no replacement 


TBA950-2 

no replacement 


TBA970 

no replacement 


TBA990 

no replacement 


TDA440 

no replacement 


TDA2522/23 

no replacement 


TDA2530 

no replacement 


TDA2530/31 

no replacement 


TDA2540/41 

no replacement 


TDA2560 

no replacement 


TDA2590 

no replacement 


TDA3500 

no replacement 



Note 1: IMPROVED REPLACEMENT: Pin for Pin replacement with superior electrical specifications. 

Note 2: FUNCTIONAL REPLACEMENT: Consult datasheet to determine suitability of the replacement for specific application. 

Note 3: SIMILAR DEVICE with superior performance: Consult datasheet to determine suitability of the replacement for specific application. 
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Appendix H 

Products Not Recommended for New Designs 


The popular National Semiconductor Corporation monolithic IC’s may have been designed into your systems. We believe that 
there are more cost-effective circuits manufactured by National Semiconductor Corporation that should be considered in your 
new designs. These recommendations are listed in this section. To eliminate the necessity to redesign proven equipment, we 
are continuing to make these products for use in existing designs for which they were uniquely suitable. 


NSC Part Number 

Recommended 

Replacement 

Note 

LH2210 

LM210 

2 

LH2301A 

LM301A 

2 

LH2308A 

LM308A 

2 

LH2310 

LM310 

2 

LM103 

LM185 

3 

LM113 

LM1851-2 

1 

LM313 

LM3851-2 

1 

LM377N 

LM1877N-9 

2 

LM377N 

LM2877P 

3 

LM378N 

LM2878P 

3 

LM391N-60 

LM391N-100 

1 

LM391N-80 

LM391 N-100 

1 

LM709 

LF441 

3 

LM710 

LM106 

2 

LM725 

LM607 

3 

LM748 

LF441 

3 


Notes: 

Note 1: IMPROVED REPLACEMENT: Pin for Pin replacement with superior electrical specifications. 

Note 2: FUNCTIONAL REPLACEMENT: Consult datasheet to determine suitability of the replacement for specific application. 

Note 3: SIMILAR DEVICE with superior performance: Consult datasheet to determine suitability of the replacement for specific application. 
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Bookshelf of Technical Support Information 

National Semiconductor Corporation recognizes the need to keep you informed about the availability of current technical 
literature. 

This bookshelf is a compilation of books that are currently available. The listing that follows shows the publication year and 
section contents for each book. 

Please contact your local National sales office for possible complimentary copies. A listing of sales offices follows this 
bookshelf. 

We are interested in your comments on our technical literature and your suggestions for improvement. 

Please send them to: 

Technical Communications Dept. M/S 23-200 

2900 Semiconductor Drive 

P.O. Box 58090 

Santa Clara, CA 95052-8090 

For a recorded update of this listing plus ordering information for these books from National’s Literature Distribution operation, 
please call (408) 749-7378. 

ALS/AS LOGIC DATABOOK— 1987 

Introduction to Bipolar Logic • Advanced Low Power Schottky • Advanced Schottky 

ASIC DESIGN MANUAL/GATE ARRAYS & STANDARD CELLS— 1987 

SSI/MSI Functions • Peripheral Functions • LSI/VLSI Functions • Design Guidelines • Packaging 

DATA CONVERSION/ACQUISITION DATABOOK— 1984 

Selection Guides • Active Filters • Amplifiers • Analog Switches • Analog-to-Digital Converters 
Analog-to-Digital Display (DVM) • Digital-to-Analog Converters • Sample and Hold • Sensors/Transducers 
Successive Approximation Registers/Comparators • Voltage References 

HYBRID PRODUCTS DATABOOK— 1982 

Operational Amplifiers • Buffers • Instrumentation Amplifiers • Sample & Hold Amplifiers • Comparators 
Non-Linear Functions • Precision Voltage Regulators and References • Analog Switches 
MOS Clock Drivers • Digital Drivers • A-D Converters • D-A Converters • Fiber-Optic Products 
Active Filters & Telecommunication Products • Precision Networks • 883/RETS 

INTERFACE DATABOOK— 1986 

Transmission Line Drivers/Receivers • Bus Transceivers • Peripheral/Power Drivers • Display Controllers/Drivers 
Memory Support • Microprocessor Support • Level Translators/Buffers • Frequency Synthesis 

INTERFACE/BIPOLAR LSI/BIPOLAR MEMORY/PROGRAMMABLE LOGIC 
DATABOOK— 1983 

Transmission Line Drivers/ Receivers • Bus Transceivers • Peripheral/Power Drivers 
Level Translators/Buffers • Display Controllers/Drivers • Memory Support • Dynamic Memory Support 
Microprocessor Support • Data Communications Support • Disk Support • Frequency Synthesis 
Interface Appendices • Bipolar PROMs • Bipolar and ECL RAMs • 2900 Family/Bipolar Microprocessor 
Programmable Logic 

INTUITIVE 1C CMOS EVOLUTION— 1984 

Thomas M. Frederiksen’s new book targets some of the most significant transitions in semiconductor technology since the 
change from germanium to silicon. Intuitive iC CMOS Evolution highlights the transition in the reduction in defect densities and 
the development of new circuit topologies. The author’s latest book is a vital aid to engineers, and industry observers who need 
to stay abreast of the semiconductor industry. 




INTUITIVE 1C OP AMPS— 1984 

Thomas M. Frederiksen’s new book, Intuitive 1C Op Amps, explores the many uses and applications of different 1C op amps. 
Frederiksen’s detailed book differs from others in the way he focuses on the intuitive groundwork in the basic functioning 
concepts of the op amp. Mr. Frederiksen’s latest book is a vital aid to engineers, designers, and industry observers who need to 
stay abreast of the computer industry. 

LINEAR APPLICATIONS HANDBOOK— 1986 

The purpose of this handbook is to provide a fully indexed and cross-referenced collection of linear integrated circuit 
applications using both monolithic and hybrid circuits from National Semiconductor. 

Individual application notes are normally written to explain the operation and use of one particular device or to detail various 
methods of accomplishing a given function. The organization of this handbook takes advantage of this innate coherence by 
keeping each application note intact, arranging them in numerical order, and providing a detailed Subject Index. 

LINEAR 1 DATABOOK— 1988 

Voltage Regulators • Operational Amplifiers • Buffers • Voltage Comparators • Instrumentation Amplifiers • Surface Mount 

LINEAR 3 DATABOOK— 1988 

Audio Circuits • Radio Circuits • Video Circuits • Motion Control • Special Functions • Surface Mount 

LINEAR SUPPLEMENT DATABOOK— 1984 

Amplifiers • Comparators • Voltage Regulators • Voltage References • Converters • Analog Switches 
Sample and Hold • Sensors • Filters • Building Blocks • Motor Controllers • Consumer Circuits 
Telecommunications Circuits • Speech • Special Analog Functions 

LOGIC DATABOOK VOLUME 1—1984 

CMOS AC Switching Test Circuits and Timing Waveforms • CMOS Application Notes • MM54HC/MM74HC 
MM54HCT/MM74HCT • CD4XXX • MM54CXXX/MM74CXXX • LSI/VLSI 

LS/S/TTL DATABOOK— 1987 

Introduction to Bipolar Logic • Low Power Schottky • Schottky • TTL • Low Power 

MASS STORAGE HANDBOOK— 1986 

Disk Interface Design Guide and User Manual • Winchester Disk Support • Winchester Disk Data Controller 
Floppy Disk Support • Drive Interface Support Circuits 

MEMORY SUPPORT HANDBOOK— 1986 

Dynamic Memory Control • Error Checking and Correction • Microprocessor Interface and Applications 
Memory Drivers and Support 

MICROCOMMUNICATION ELEMENTS DATABOOK— 1987 

CPU • Peripherals • Evaluation Board • Logic Devices 

NON-VOLATILE MEMORY DATABOOK— 1987 

CMOS EPROMs • EEPROMs • Bipolar PROMs 

SERIES 32000 DATABOOK— 1986 

Introduction • CPU-Central Processing Unit • Slave Processors • Peripherals • Data Communications and LAN’s 
Disk Control and Interface • DRAM Interface • Development Tools • Software Support • Application Notes 

RANDOM ACCESS MEMORY DATABOOK— 1987 

Static RAMS • TTL RAMs • TTL FIFOs • ECL RAMs 




RELIABILITY HANDBOOK— 1986 

Reliability and the Die • Internal Construction • Finished Package • MIL-STD-883 • MIL-M-38510 

The Specification Development Process • Reliability and the Hybrid Device • VLSI/VHSIC Devices 

Radiation Environment • Electrostatic Discharge • Discrete Device • Standardization 

Quality Assurance and Reliability Engineering • Reliability and Documentation • Commercial Grade Device 

European Reliability Programs • Reliability and the Cost of Semiconductor Ownership 

Reliability Testing at National Semiconductor • The Total Military/ Aerospace Standardization Program 

883B/RETSTM Products • MILS/RETStm Products • 883/RETStm Hybrids • MIL-M-38510 Class B Products 

Radiation Hardened Technology • Wafer Fabrication • Semiconductor Assembly and Packaging 

Semiconductor Packages • Glossary of Terms • Key Government Agencies • AN/ Numbers and Acronyms 

Bibliography* MIL-M-38510 and DESC Drawing Cross Listing 

TELECOMMUNICATIONS— 1987 

Line Card Components • Integrated Services Digital Network Components • Modems 
Analog Telephone Components • Application Notes 

THE SWITCHED-CAPACITOR FILTER HANDBOOK— 1985 

Introduction to Filters • National’s Switched-Capacitor Filters • Designing with Switched-Capacitor Filters 
Application Circuits • Filter Design Program • Nomographs and Tables 

TRANSISTOR DATABOOK— 1982 

NPN Transistors • PNP Transistors • Junction Field Effect Transistors • Selection Guides • Pro Electron Series 
Consumer Series • NA/NB/NR Series • Process Characteristics Double-Diffused Epitaxial Transistors 
Process Characteristics Power Transistors • Process Characteristics JFETs • JFET Applications Notes 

VOLTAGE REGULATOR HANDBOOK— 1982 

Product Selection Procedures • Heat Flow & Thermal Resistance • Selection of Commercial Heat Sink 
Custom Heat Sink Design • Applications Circuits and Descriptive Information • Power Supply Design 
Data Sheets 

48-SERIES MICROPROCESSOR HANDBOOK— 1980 

The 48-Series Microcomputers • The 48-Series Single-Chip System • The 48-Series Instruction Set 
Expanding the 48-Series Microcomputers • Applications for the 48-Series • Development Support 
Analog I/O Components • Communications Components • Digital I/O Components • Memory Components 
Peripheral Control Components 
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